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Factors Influencing the Growth of Johne’s Bacillus 


By 


JOHANNES GLAVIND and HENRIK DAM. 


Department of Biology, Polytechnic Institute, Copenhagen 
(Received October 2nd, 1947) 


The nutritional requirements of Johne’s bacillus (Mycobacterium para- 
tuberculosis) were extensively studied by Twort & Ingram. The very inte- 
resting book published by these authors in 1913 contains one of the first 
proofs for the existence of growth factors for bacteria. They found that active 
concentrates of a factor necessary for the cultivation of Johne’s bacillus could 
be prepared from the acid-fast bacteria Mycobacterium phlei, and that the 
active principle could be precipitated with barium salts. After it was realized 
that vitamins may act as growth factors for bacteria, and that mycobacteria 
contain a substance, phthiocol, which acts as vitamin K, the question came 
up whether the growth promoting effect of tuberculin may be due to its 
content of phthiocol or to vitamin K active methylnaphthoquinones in 
general. This investigation was begun by Woolley & McCarter (1940), who 
found an increase of growth of Johne’s bacillus when a highly potent 
concentrate of vitamin K, phthiocol, or methylnaphthoquinone was added 
to the synthetic basal medium, although growth was not always obtained 
in subcullures on the basal medium supplemented with the vitamin In 
order to elucidate further the problems raised by Woolley & McCarter’s 
work, we also took up the study of the nutritional requirements of Johne’s 
bacillus. 

Most of the experiménts were carried out with a danish strain of the 
bacteria.! 

The bacteria were grown as surface cultures on 200 ml of liquid medium, 
in 400 ml tuberculin flasks. The basal medium was the synthetic Dorset 
substrate of essentially the same composition as that used by Woolley & 


1 The authors are indebted to Dr. med. vetr. C. Plum, The State Veterinay Serum 
Laboratory, Copenhagen, who furnished this strain, and generously placed at their disposal 
facilities for the cultivation of the bacteria. 
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McCarter. After about 3 months the cultures had attained maximum growth. 
The cells were then filtered from the medium, washed, dried, and weighed. 

With pure Dorset substrate only little growth was obtained. Much better 
growth resulted when 2 per cent of concentrated bovine tuberculin was 
added to the basal medium. The effect of this and various other addi- 
tions appears in Table 1. None of the additions tested gave growths com- 
parable to those obtained with tuberculin. 

There was a considerable variation in the results obtained with the same 
substrate. This was probably due to the fact that the inocula which had to 
be floated on the surface of the medium could not be made strictly uniform. 
The individual results from the various experiments, as well as the average 
weights, are presented in Table 1. 

It is seen from Table 1 that growth on the synthetic substrate without any 
addition gave weights of the sediment of 59 to 112 mg, with an average 


Table 1. 

Weight of sediment from | 

| 200 ml medium | 

Addition per ml medium | Individual Average | 

| results weight | 

| mg mg | 

| | 

Qe Ta CO LOIR Une PAR TR CURE Re sl “65/7 1127782 go ae 

0.01 ug 2-Methyl-1,4-naphthoquinone ................... 82, 85 Baro 
0.02 ug » N CONTES 84, 46 65 
0.05 ug » MER EEE 92, 87 89 
0.1 ug » Piste NUE SRE 74, 69 72 
0.2 ug » DS D DD 2 CC ONT SOM SOE 89, 90 90 
0.01 pg 2-Methvl-1,4-naphthohydroquinone disulfate .....| 68, 87 78 

0.02 ug » hr ES LT 

0.05 ug aS a, ROMANE 36, 38 371400 

0.1 ug » oil It gt 

0.2 ug > eh Soe Ge 58 | 

| 

0.02 ml concentrated bovine tuberculin ................. 194, 234, 251 226 | 

| 
OR ne more va ne ne re Ms do De REE oe 90, 68, 73, 91 81 
5 wg 2-Methyl-1,4-naphthoquinone .................... 94, 9S 98 
10 ug D OUTRE COMENT 87, 96 oF 
25 ws DT hy 102 102 
ny vB co Pour 86, 103 94 
00 wg en eee 104, 91 98 
250 ug > un ul Re ee NE ON Bus 8 
ans, ERIDIOCON.:. 6. 466. 000 ee eee an 937239 99 
3 ug nn Er nee 88, 92 90 
= ug ee ae ere ee 100, 98 99 
ug EN e 108, 94 101 
0.02 ml concentrated bovine tuberculin ................ 199, 206 203 
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of 78 mg, while the addition of 2 per cent of the tuberculin concentrate 
gave sediments weighing from 194 to 251 mg (average 215 mg). The addi- 
tion of a vitamin K active substance such as 2-methyl-1,4-naphthoquinone, 
2-methyl-1,4-naphthohydroquinone disulfate, or phthiocol, did not improve 
growth so much as did tuberculin. The variations in the results were too 
great to settle the question of whether or not naphthoquinone derivatives give 
a slight increase of growth over that obtained with the basal medium 
alone. With the highest dose of 2-methyl-1,4-naphthoquinone (250 ug per 
ml medium) a definite inhibition of the growth was found. 

Nevertheless, the results justify the conclusion that tuberculin contains a 
growth factor for Johne’s bacillus which is not identical with any of the 
naphthoquinone derivatives examined. 

The strain used in our experiments died in 1941, and it was impossible 
under war conditions to get a new culture. Therefore, the experiments could 
not be resumed until 1946, when a new strain was obtained.! This strain 
was used for testing whether certain of the substances known to be necessary 
for the growth of other microorganisms, would influence the growih of 
Johne’s bacillus. The growth of the bacteria was studied in synthetic Dorset 
medium alone, with addition of 2 per cent tuberculin, and with addition of 
a mixture of growth factors. This mixture was added in such an amount 
that the medium contained the following quantities per ml: 4 wg inositol, 
2.4 ug pyridoxin hydrochloride, 0.8 wg calcium pantothenate, 1.2 ug nico- 
tinic acid, 0.4 ug riboflavin, 0.008 ug biotin, 0.04 ug folic acid, 10 ug adenin 
sulfate, 10 wg guanine hydrochlorid, and 10 wg xanthin. The results are 
presented in Table 2. 

It is seen from this table that the addition of the mixture of growth 
factors failed to improve the growth of the bacteria, while tuberculin stimu- 
lated the growth. 

. Table 2. 


Weight of sediment 


from 200 ml medium 
Addtion to the medium Individual | Average 
results weight 
mg mg 
NON EE ren eur Qi 843, 856 850 
Mixture of growth factors ..| 799, 808 803 
Tubereulin cr rasen. 1627, 1586 1607 


1 The new strain was kindly supplied by Dr. W. A. Hagan, New York State Veterinary 
College, Ithaca, N.Y., U.S.A., on the suggestion of Drs. Woolley and McCarter. It differed 
from the danish strain in that it gave about 10 times as much growth within the same 
length of time. 
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Discussion 


The results in Table 1 show that the Johne’s bacillus requires a factor 
for growth which is found in tuberculin. The vitamin K activity of the 
tuberculin examined by Dam & Glavind’s (1938) method, was 25 units per ml, 
corresponding to 0.5 units per ml of the medium in which maximum growth 
was found. Since 2-methyl-1,4-naphthoquinone has a vitamin K activity of 
25 units/ug, and phthiocol has at the most 0.25 units/ug, the vitamin K potency 
of tuberculin would correspond to a content of 0.02 ug of 2-methyl-1,4-naph- 
thoquinone, or not less than 2 yg of phthiocol per ml if the activity were 
due to the presence of either of the two substances. However, the addition 
of any one of the two substances to the medium in amounts corresponding 
to these values, did not give growth improvement. It can, therefore, be con- 
cluded that the growth-promoting effect of the tuberculin is not due to its 
content of any of these two substances. 

It is not possible to explain at present why in our experiments growth 
was not stimulated by the addition of naphthoquinone derivatives, while 
Woolley and McCarter found growth stimulation under these conditions. 
There is still the possibility that the strains used in the two laboratories 
might have been different with respect to their vitamin K requirements. So 
far we have not examined the question whether vitamin K would improve 
the growth of our american strain. 


Summary 


A strain of Johne’s bacillus was examined with respect to the influence 
of tuberculin and naphthoquinone derivatives with vitamin K activity on 
its growth rate. While tuberculin was found to stimulate growth, the addition 
of these naphthoquinone derivatives failed to produce growth stimulation, 
indicating that the growth stimulating factor (or factors) in tuberculin must 
be different from vitamin K. 


This work was aided by a grant from »Kong Christian den Tiendes Fond». 
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Effects of Different Chlorophyll Concentrations on 
Photosynthesis in Foliage Leaves 


By 
E. K. GABRIELSEN 


Laboratory of Plant Physiology, Royal Veterinary and 
Agricultural College, Copenhagen 
(Received December 15th, 1947) 
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I. Introduction 


1. Earlier investigations 


20 
20 


The effects of chlorophyll concentration on the light absorption and 
photosynthesis of leaves were first discussed towards the end of the last 
century. In 1879 Weber observed that the quantity of dry matter formed 
per day, relative to the area of the illuminated leaf surface, was not equal 
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in differerit species, even when grown under uniform conditions. He thought 
that this was caused by uneven photosynthetic activity in the leaves. Some 
years later, Haberlandt counted the chloroplasts per unit area of leaf in the 
species which Weber used. He found a remarkable degree of correlation 
between the amount of dry matter formed and the number of chloroplasts 
present. Taking the mean values for Tropaeolum majus as unity, he obtained 
the following figures: 


: Dry matter formed per Number of chloroplasts 
Species 


unit area of leaf per unit area of leaf 
Tropaeolum majus ........... 100 100 
Phaseolus multiflorus ......... re 64 
Ricinus communis ............ 118.5 129 
Helianthus annuus ........... 124.5 122 


Haberlandt (1882, 1924) assumed that the small differences between the 
two sets of figures were caused by diversity in leaf structure and chloro- 
plast size. He concluded, therefore, that the rate of photosynthesis was 
proportional to the chlorophyll content of the leaves. But a careful exam- 
ination shows that this explanation is not valid. The values found by 
Weber were calculated from the increase of dry matter in growth experi- 
ments which lasted from 43 to 50 days. Since the total production of dry 
matter depends not only on the rate of photosynthesis in the leaves, but is 
influenced also by the speed with which the plants create new leaves from 
the products of photosynthesis, it seems unreasonable to regard the cal- 
culated production rates as adequate expressions for the photosynthetic 
activity. Furthermore, it is by no means certain that all chloroplasts contain 
equal quantities of chlorophyll and absorb the same amount of light, even 
if they are of equal size. 

The first attempt to clarify the rôle of the chlorophyll factor, by accurate 
experiments, was made by Griffon in 1889. Leaves of different colours, 
varying from light to dark green, of closely related species or varieties, were 
placed in air, rich in carbon dioxide (5 to 10 per cent. by volume), and at 
the same time exposed to either direct sunlight or diffuse daylight. The rate 
of photosynthesis (apparent assimilation) was calculated in relation to the 
illuminated leaf surface area. Griffon was unable to find any definite con- 
nexion between leaf colour and rate of photosynthesis. Thougb in many 
cases it was possible to demonstrate a lower rate in light green than in dark 
green leaves, sometimes the photosynthetic activity of light green leaves was 
just as high, or even a little higher (for Ligustrum japonicum) than that 
of dark green ones. He assumed, therefore, that in addition to variations in 
chlorophyll concentration other factors determined the rate of photosyn- 
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thesis. It was possible to show that the thickness of the palisade tissue, as 
well as the number and size of the chloroplasts, appeared to play an impor- 
tant rôle. However, the differences in the results could not be explained in 
all cases by the structural diversity alone; Griffon realized that another 
factor, the nature of which was unknown, probably existed. 

The validity of Griffon’s results was, to some degree, nullified, because 
he was unable to determine the chlorophyll content of the leaves with which 
he worked. This experimental improvement was introduced by Lubimenko 
(1908), who made relative spectroscopic determinations of the chlorophyll 
concentration in alcoholic extracts of the leaf pigments. However, this im- 
proved method did not give any new results. 

Further developments in technique were made by Willstätter & Stoll 
between 1914 and 1917. Moreover, their leaf material showed greater 
variation in chlorophyll content than that used previously. The deter- 
mination of the leaf pigments was based on experiences gained through 
their pioneer work on the chemistry of chlorophyll (1913). The pigments 
were extracted with acetone and transferred to ether, after which the yellow 
and green pigments were separated by saponification. The chlorophyll 
concentration (chlorophyll a+b) was then measured by means of a colori- 
metric comparison between the green fraction and a solution of known 
chlorophyll content. The measurement of photosynthesis was made in a 
gas-stream with 5 per cent. carbon dioxide by volume. When calculating the 
photosynthetic activity of the leaves, the amount of carbon produced in 
respiration during the experiment was taken into account, so that the values 
became expressions for the »true assimilation». The light used was that 
given by a metal filament lamp, placed to illuminate the leaves with about 
48,000 lux. Thus the supply of carbon dioxide to the leaves and the illu- 
mination were in excess. Under these conditions it was assumed that the 
rate of photosynthesis was dependent only upon the temperature and upon 
internal factors, including chlorophyll concentration. In most of the experi- 
ments the temperature in the air around the leaves was maintained at 25° C. 

Table 1 shows some of Willstätter & Stoll’s most typical results (1918). 
The author has here recalculated their figures for chlorophyll concentration, 
so that they are relative to the leaf area illuminated. This method of cal- 
culation is of greater interest, photophysiologically, than the calculation 
relative to the fresh weight of the leaves generally used by these workers. 

Discussing their results, Willstatter & Stoll chiefly make use of the ratio 


Carbon dioxide assimilated in grams per hour 


> 


Chlorophyll content in grams 


8 E. K. GABRIELSEN 


Table 1. Influence of chlorophyll concentration on photosynthesis in foliage leaves. 
Data from Willstätter & Stoll (1918). 


ee. ent nllnnm n  — —,—_— ZZ ZZ j— 


. | Chlorophyll Rate of AE 
Species Date en (a-+b) | photosynthesis ere 
| mg/dm? |mg CO,/dm?hr 
I | 

Acer pseudoplatanus ...| June 24.| green 5.1 27 52 
Sambucus nigra ......... July 14. » 5.2 32 6.2 
WLINUSUS PE EE >20: > 3.1 | 21 6.9 
Helianthus annuus... PATES: » 4.5 | 75 16.7 
Ulmus sp. aurea. ...... » 16. | yellow: 0.30 | 24 82 
Sambucus nigra aurea ns (UP 0.18 | 21 120 


which they call the »assimilation number». If the rate of photosynthesis 
depended only on the chlorophyll factor, the assimilation number would 
be constant for all leaves, regardless of their chlorophyll content. Willstatter 
& Stoll obtained a contradictory result. For 15 plant species with green 
leaves, the chlorophyll content of which varied from 3.1 to 6.6 mg per dm’, 
the assimilation number estimated lay between 5.2 in Acer pseudoplatanus 
and 16.7 in Helianthus annuus. Even more striking resulls were obtained 
from experiments with the yellow leaves of aurea varieties (Table 1). The 
highest number, 120, was found for leaves of Sambucus nigra aurea, in 
which the chlorophyll concentration was only 1/30th. of that of the green 
leaves of Sambucus nigra. When the rate of photosynthesis was calculated 
relative to the illuminated leaf surface, Willstatter & Stoll, like Griffon, 
found that, in certain species, leaves poor in chlorophyll could assimilate 
just as much, or more, than those rich in chlorophyll (Ulmus, Table 1 and 
fig pr 10). 

Willstatter & Stoll’s results with the improved methods verified the earlier 
observalions of Griffon and Lubimenko. Clearly the variation in rate of 
photosynthesis from one kind of plant to another, under optimum external 
conditions, cannot be related to the chlorophyll concentration in the leaves. 
Willstatter & Stoll found the explanation of this fact when experimenting 
with leaves at various stages of development, in spring and autumn, as well 
as with etiolated plants that had been subjected to short or long exposures 
lo light. The results of these experiments made it seem probable that there 
was another internal factor besides chlorophyll concentration, which influ- 
ences the rate of photosynthesis and thereby conceals the effect of the 
chlorophyll factor. By investigating the influence of temperature on photo- 
synthesis in green and yellow leaves, they also found evidence for sug- 
gesting that this factor was enzymatic in its nature. 

These investigations provided the first evidence for the theory, which is 
now generally accepted, that photosynthesis consists of two groups of pro- 
“cesses: some photochemical, in which light energy is taken up by the chloro- 
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Photosynthesis 
5 


Boake. 


Fig. 1. Theoretical photosynthesis curves. 
a: Leaves with high chlorophyll content, 
b: Leaves with low chlorophyll content, in 
which the light absorption is thought to be 
half that of the leaves rich in chlorophyll. 


OF ee 222 3 ee Oe. eee SR TO 
Light Intensity 


phyll and becomes converted into chemical energy in intermediate products, 
and some non-photochemical, in which the final products of photosynthesis 
are formed. For an examination of the light-absorbing work of the chloro- 
phyll factor in photosynthesis, the non-photochemical reactions do not seem 
to be of direct importance, besides the fact that the rate of the total process 
is determined by the slowest sub-process. 


2. Chlorophyll concentration as a weak-light factor: A new interpretation 


According to Willstatter & Stoll the activity of the chlorophyll factor is 
concealed by another internal factor, which appears to control the rate of 
non-photochemical reactions in photosynthesis. However, as this observation 
results from experiments carried out at a very high light intensity, it is not 
reasonable to exclude the possibility that variations in chlorophyll con- 
centration affect photosynthesis in leaves under other conditions of illu- 
mination. 

Fig. 1 makes it possible to understand this problem better. Curve a shows 
the dependence of photosynthetic rate on light intensity for an ordinary green 
leaf, when temperature and carbon dioxide are not limiling the process. 
Near the zero point the curve ascends, showing proportionality between 
photosynthesis and light intensity. Here, it may be concluded, the rate of 
photosynthesis is determined by the rate of photochemical reactions which 
are affected directly by the chlorophyll concentration. With stronger light 
the curve turns towards the abscissa and finally runs parallel to it. This 
part of the curve represents a stage at which the non-photochemical reac- 
tions limit the rate of the total process, failing to keep pace with the photo- 
chemical ones. 

Another leaf (b) of the same size as leaf a may be considered, in which 
the chlorophyll content is so much lower that in equal lengths of time it 
absorbs, let us say, only half the quantity of light taken up by leaf a. If 
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mg CO2/dm?hr 


Fig. 2. Photosynthesis in Ulmus leaves. 
Calculated from data of Willstätter & Stoll 
(1918). a: Green leaves with 3.1 mg chloro- 
phyll (a+b)/dm?, b: Yellow leaves with 
0.40 mg (a+b)/dm?. 


0 10 20 30 40 50 
1000 LUX 


leaf b is allowed to assimilate under the same external conditions as leaf a, 
its rate of photosynthesis would be half as high as that of the latter for a 
given light intensity, inside the range in which photosynthesis is propor- 
tional to illumination for leaf a. Or, to express it in another way, the light 
intensity must be twice as great to produce the same photosynthetic activity 
in leaf b as in leaf a. From this it follows that the curve constructed for the 
chlorophyli-poor leaf (curve b in fig. 1) in the initial sector has a slope 
which is half that of curve a. The further course of curve b must be governed 
by factors which regulate the non-photochemical reactions. If these factors 
were to lie at the same level as in leaf a, the limiting action by non-photo- 
chemical reactions would be the same in both leaves, when the rates of 
photosynthesis were the same. Hence leaf b, at higher light intensities than 
in the initial sector, also needs twice as much light to produce the same 
rate of photosynthesis as leaf a. The curve b will then become as shown 
in fig. 1. If the factors limiting the rate of non-photochemical reactions were 
at a higher level in the chlorophyll-poor leaf (b) than in the chlorophyll- 
rich one (a), curve b would intersect curve a and become asymptotic at a 
higher rate of photosynthesis than the latter; if they were at lower levels, 
curve b would become asymptotic at a lower photosynthetic rate than 
shown in fig. 1. 

From these theoretical considerations, it appears that diversities in chloro- 
phyll concentration, if they are sufficient to influence light absorption, must 
have their greatest effect on the rate of photosynthesis at weak light inten- 
sities. Thus, the position of the chlorophyll factor, inside the complex of 
factors which govern photosynthesis, is similar to that of the wave-length 
and anthocyanin factors (Warburg & Negelein, 1922, Gabrielsen, 1940); all 
three factors show their full effect only in weak light. They may be called, 
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mg CO2/dm2hr 


Fig. 3. Photosynthesis in Sambucus leaves. 
Calculated from data of Willstätter & 
Stoll (1918). a. Green leaves with 5.2 
mg (a+b)/dm?, b: Yellow leaves with 0.18 
mg (a+b)/dm?. 


40 so 
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collectively, »weak-light factors», in contrast to »strong-light factors», the 
activity of which can only be observed at high light intensities. Examples 
of strong-light factors are the degree of stomatal opening, carbon dioxide 
concentration, temperature and internal factors affecting non-photochemical 
reactions. 

According to this new interpretation, an expression for the effect of the 
chlorophyll factor can be obtained in two ways: 1) From the number by 
which the abscissae of a curve, of photosynthesis against light intensity for 
a leaf poor in chlorophyll, should be multiplied to bring this curve to cover 
a similar one for a leaf rich in chlorophyll, 2) by estimating the ratio be- 
tween the photosynthetic rates of the two leaves at a given light intensity, 
inside the range in which photosynthesis is proportional to illumination. 
The first method can only be used if the two curves arrive at the same 
asymptote; in all other cases only the second method holds good. 

Observations on the effect of the chlorophyll factor in weak light are very 
few. Some data can be obtained from Willstätter & Stoll’s experiments on 
photosynthesis in green and yellow leaves at different light intensities, 
published in their work of 1918 (p. 146—151, figs. 7 and 8). If their results 
are recalculated relative to illuminated surface area, instead of to fresh 
weight of the leaves, the curves in figs. 2 and 3 are obtained. This change 
is necessary since the light absorbing capacity of the leaves is related to the 
chlorophyll concentration per unit area and not to the concentration per g 
fresh weight. 

The curves in fig. 2 from green and yellow leaves of Ulmus are similar 
to the theoretical ones in fig. 1. Apparently, the non-photochemical pro- 
cesses proceed at the same rate in the two kinds of leaves. If the abscissae 
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Table 2. Effects of the chlorophyll factor calculated from the curves in figs. 2 and 3. 


EEE) 


: Relative effect of 
Relative chloro-| chlorophyll factor | 
L f Chlorophyll] Photosynthesis | phyll concen- —— 

Bene ON (mg/dm?) |(mg CO,/dm? hr)|tration per unit Method 2 
surface area Method 1 | Values at 
2000 lux 
| 

Sambucus nigra ...... 5.2 9.0 1.00 1.00 
Ülmusaspı enge 3.1 8.0 | 0.60 1.00 0.89 | 
Ulmus sp. aurea ...... 0.40 4.2 0.08 0.50 0.47 | 

Sambucus nigra aurea 0.18 3.2 0.03 0.36 


of curve a (leaves with 3.1 mg chlorophyll [a+b] pr. dm?) are divided by 
the corresponding abscissae of curve b (leaves with 0.40 mg [a+b] per dm?) 
a mean value of 0.50 is found. From this it follows that a reduction of the 
chlorophyll concentration from 3.1 to 0.40 mg/dm? halves the rate of the 
photochemical processes. For Sambucus (fig. 3), the non-photochemical 
processes are slower in the yellow leaves than in the green ones, and the 
curves do not reach the same asymptote. In this case it is not possible to 
calculate the effect of the chlorophyll factor from the different positions of 
the curves relative to the ordinate axis. The second method of estimating 
the effect of the chlorophyll factor used on all the curves in figs. 2 and 3, 
results in the data compiled in Table 2. 

Table 2 shows clearly the dependence of photosynthesis on chlorophyll 
concentration. Reduced concentration gives a decreased photosynthetic ac- 
tivity, but the latter does not decrease proportionally to the lowering of the 
chlorophyll concentration. A reduction of the chlorophyll concentration to 
5/49 only lessens its effect to °/,, (green leaves of Ulmus compared with 
green leaves of Sambucus); the concentration must be brought right down 
to below */,) (yellow leaves of Ulmus) before its effect falls ‘to half of 
what is found in the leaf richest in chlorophyll. This is in agreement with 
the physical law for light absorption in pigment solutions (Beer’s law), if 
it is assumed that absorption in the leaf richest in chlorophyll is near 100 
per cent. However, the data i Table 2 are unsuilable for further discussion 
on this point, for they are too few, and their significance is lowered as 
Willstatter & Stoll did not determine the initial courses of their curves with 
sufficient accuracy. 

Apart from Willstätter & Stoll’s investigations, there is only one paper, 
by Emerson (1929), which gives any account of the influence of chloro- 
phyll concentration on photosynthesis in weak light. limerson worked on 
the unicellular green alga Chlorella vulgaris, the chlorophyll content of which 
was varied by adding more or less ferric sulphate to the cullure medium. 


EFFECTS OF DIFFERENT CHLOROPHYLL CONCENTRATIONS 13 


The‘rate of photosynthesis was determined manometrically by Warburg’s 
method. In his paper, Emerson expressed graphically the rate of photo- 
synthesis (true assimilation) for two thin suspensions of algae with dif- 
ferent chlorophyll contents, as a function of the logarithm of the light inten- 
sity (1929, fig. 1). He concluded that the photosynthetic rate in weak light 
is independent of the chlorophyll concentration, because the same values 
were obtained for photosynthesis when there was either little or much 
chlorophyll in the cells. 

However, there is no adequate basis for this conclusion. If Emerson’s 
results are plotted in an ordinary co-ordinate system with the light intensity 
as abscissa, two curves can be drawn, ihe relative positions of which cor- 
respond fairly well to the curves in fig. 3. The ratio of the initial slopes is 
0.37 to 1.00. Only one photosynthesis estimation (at 500 lux, nearest the 
foot of the curve) for the cells which are poor in chlorophyll lies higher 
than the value for the chlorophyll-rich cells. If it is assumed that this deter- 
mination is correct, the photosynthesis curve for the chlorophyll-poor cells 
will describe an S-shaped course near the zero point. This seems absurd. It 
is more reasonable to assume that Emerson’s observations of the indepen- 
dence of photosynthesis from chlorophyll concentration in weak light were 
caused by the semilogarithmical plotting of the results and the unsuitability 
of the manometric method for measuring accurately the lowest photo- 
synthetic rates. 


The new interpretation of chlorophyll concentration as a weak-light 
factor in photosynthesis gave rise to the investigations which are described 
in the following pages. The experiments have been carried out with foliage 
leaves of various species and varieties, differing in their ability to form 
chlorophyll. To ensure an accurate estimation of the photosynthetic activity 
in weak light, the photosynthesis was determined for each kind of leaf as 
a function of light intensity (0 to 250 cal/dm*hr}. The effect of the chloro- 
phyll factor was calculated from the photosynthesis curves obtained in 
this way. 


H. Author’s Investigations 


1. Technique 


The rate of photosynthesis was found using the continous gas-stream method 
described by Boysen Jensen (1933) and Gabrielsen (1940). Healthy leaves were 
used with stomata fully opened. The temperature of the gas-stream was maintained 
at 20° C+0.5. The rate of photosynthesis (P, true assimilation) was calculated in 
mg CO2/dm2hr, The values for respiratory rate used in these calculations were 
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Fig. 4 Dependence of extinction (E) on 
chlorophyll concentration (a+b, curve 1) and 
carotinoid concentration (x+c, curve 2) at 
À 666 and À 463 my, respectively. 


estimated immediately after each series of photosynthesis measurements. At the 
low light intensities used in the experiments, neither the temperature nor the carbon 
dioxide concentration were limiting the process. 

The illumination from a 1500 watt Osram-nitra lamp was directed at a right angle 
to the leaves. When measuring the light intensity (Ip), only the photosynthetic 
active radiation (A<700 my) was considered. It was measured in absolute units 
(gcal/dm*hr) with a selenium barrier layer photocell (Gabrielsen 1940). An Ip of 
28.6 cal/dm?hr equals 1,000 lux for the type of lamp employed. 

The concentration of the green and yellow pigments in the leaves was determined 
colorimetrically in a Pulfrich photometer. By means of a metal templet a section, 
10 to 25 sq. cm in area, was cut out of the leaf blade, clipped into small pieces 
and ground in a mortar with sand, mixed with a little calcium carbonate and 
moistened with some drops of acetone. The pigments were washed out with acetone, 
and the extract was put through a glass filter (Shott & Gen. 3G3) and made up to 
50 ml with acetone. 

A colour filter, with modal wave-length 666 mp, was used to determine the 
chlorophyll content in the extract. In the selected part of the spectrum the chloro- 
phyll pigments have a great power of absorption, while the carotinoids allow the 
light to go through without hindrance. The extinction was measured for a layer 
of liquid 1 cm in thickness. Adjustment of the photometer was carried out by 
means of a chlorophyll preparation (a+b), made from Aesculus hippocastanum 
leaves and dried over phosphorus pentoxide. The purity of the preparation was 
checked by elementary analysis. The adjustment curve is seen in fig. 4 (curve 1). 

Since the ratio between the two chlorophyll components is not the same in 
leaves from different species, and the absorption coefficient in the spectrum 
employed is much higher for chlorophyll-a than for chlorophyil-b, the measure- 
ments are subject to a systematic error, which is difficult to avoid. According to 


Willstatter & Stoll (1913) the quotient = for sun and shade leaves varies from 2.1 
to 3.4; Seybold & Egle (1937) have observed values between 2.5 and 4.9, and for 
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yellow leaves values up to ;=16 are found (Corylus avellana aurea, Seybold & 


Weissweiler, 1942 a). But even with these fluctuations the error in the measure- 
ments did not seem to be particularly great, as it is the component with the lowest 
absorption capacity (b) which occurs in smallest amounts in the leaves. 

The carotinoid determination was made after removal of the green pigments. 
With a pipette, 25 ml of the pigment extract from the leaf was transferred to a 
100 ml separatory funnel, together with 25 ml of ether, 50 ml of distilled water 
and a little of sodium chloride. After bringing the pigments into the ether phase 
by cautious shaking, the acetone was completely removed by washing twice with 
water. The chlorophyll was then saponified by shaking it with 10 ml of methanolic 
potassium hydroxide (33 g KOH in 100 ml methanol) and the chlorophyllide taken 
‚away by repeated washing with 25 ml of water. The ether phase with the yellow 
pigments was made up to 25 ml, and the extinction measured for a 1 cm layer 
in the photometer, applying a colour filter with modal wave-length 463 my. Adjust- 
ment was carried out with a mixture of xanthophyll (lutein) and carotin dissolved 
in ether. The proportion used, 9 parts of xanthophyll to 2 parts of carotin, was 
calculated from the average content of these pigments in foliage leaves (Seybold 
& Egle, 1937). The adjustment curve is shown in fig. 4 (curve 2). 


The error caused by variation of the quotient = in different kinds of leaves, is 


negligible, since the extinction coefficients of xanthophyll and carotin-are nearly 
the same (E ae respectively 1893 and 2020). 


2. Material 


Leaves were used from the following species and varieties: 


Populus canadensis Moench. 

Populus canadensis Moench. var. aurea (Dipp.) Rehd. 
Ulmus carpinifolia Gleditsch. 

Ulmus glabra Huds. var. lutescens (Dipp.) Rehd. 
Sambucus canadensis L. var, aurea Cowell. 
Sambucus nigra L. 

Sambucus nigra L. var. aurea Sweet. 

Atriplex hortensis L. | 

Atriplex hortensis L. var. chlorina. 

Triticum sativum Lam. (Queen Wilhelmina). 


To ensure uniform conditions of leaf development, the plants were cul- 
tivated side by side in rich soil in the garden of the laboratory. When planted 
in 1938 the trees and bushes were from two to three years old. The experi- 
ments were carried out only with leaves that had developed in full day- 
light, unshaded by others. 


1 The standard variation 9 = + 
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Table 3. Leaf material. 
ns 


’ 


n— 


> Xantho- | Weight 
66S : PE phyll + | per unit Leaf thick- 
ö 2 Species Colour (a a b) carotin area |ness (mm) 
AS (mg/dm? (mg/dm?) | (g/dm?) 
a aa ree i a el ee 
1 | Sambucus canadensis aurea | pale 
yellow [0.21 + 0.041/0.41 + 0.05|2.0 + 0.1,0.23 + 0.01 
2 | Sambucus canadensis aurea | yellow 0.47 + 0.05 |0.59 + 0.04/2.0 + 0.2,0.23 + 0.01 
3 | Ulmus glabra lutescens ...... yellow 0.76 + 0.15 |0.53 2.0 + 0.2,0.20 + 0.01 
4 | Ulmus glabra lutescens _...... yellowish 
| green [1.1 +0.1 0.52 2.0 + 0.2,0.20 + 0.01 
5 Ulmus glabra lutescens ...... pale 
green 1.8 +0.2 {0.41 2.0 + 0.2/0.20 + 0.01 
6 | Atriplex hortensis chlorina ...| pale 
green (25 +0.3 10.47 3.0 + 0.3/0.30 + 0.03 
7 | Sambucus nigra aurea ......... pale 
green 42 +0.3 10.63 + 0.02/2.0 + 0.2/0.23 + 0.01 
8 | Fraxinus excelsior (shade 
LEAVES linac concen Dale 
| green (4.8 +0.2 |0.65 1.1 + 0.1/0.09 + 0.01 
9 | Populus canadensis aurea ...| pale 
green (5.1 +0.7 |0.82 2.0 + 0.2/0.21 + 0.01 
| 10 | Corylus maxima .............-- green 6.0 +0.4 11.17 1.9 + 0.20.24 + 0.02 
Die Atriplesghorntensisye rer green 6.4 +0.6 |0.94 3.4 + 0.6 0.37 + 0.06 
12 | Fraxinus excelsior (sun leaves)| green 6.6 +0.4 11.01 + 0.05,2.1 + 0.20.17 + 0.02 
13. Dritieum sativum ee nenee green 6.7 40.8 — 2.0 + 0.20.19 + 0.02 
TAB Sinapistalbase. TEE ER EE green 7.0 + 0.4 11.03 11.8 + 0.20.19 + 0.02 
IoslUlmusLearpinifollasser dark 
green |8.4 +0.8 [1.03 2.4 + 0.20.24 + 0.02 
162 Sambucus Nigra 2. mern dark 
green 8.6 +0. 11.00 + 0.02,2.1 + 0.20.24 + 0.01 
17 | Populus canadensis ............ dark 
green |8.7 +0.7 /1.23 2.0 + 0.2/0.22 + 0.01 
d2 


where n is the number of individual mea- 


surements and d their deviations from the mean value. 


The experimental results are supplemented with some earlier observations 
(Gabrielsen, 1940) on photosynthesis in leaves of Fraxinus excelsior L., 
‚Corylus maxima Mill. and Sinapis alba L. 

From the plant material it was possible to segregate a total of 17 different 
categories of leaves; these are described in Table 3. In addition to the chloro- 
phyll and carotinoid contents, the fresh weight per surface unit and the leaf 
thickness were measured. The pigment determinations were made with the 
experimental leaves themselves, except those for carotinoids in the three 
last named species, which were carried out with leaves similar to those used 
in the experiments. Leaf thickness was measured on specimens with the 
same weight per unit area as that found for the experimental leaves. The 
measurements were taken from transverse sections placed in water under 
the microscope. 
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Comparing the figures in Tables 1 and 3, it can be seen that Willstätter & Stoll’s 
values for the chlorophyll concentration in green leaves are much lower than several 
of those obtained by the author. For Sambucus nigra Willstätter & Stoll found 
5.2 mg (a+b)/dm?, whereas the average figure for the same species in Table 3 
is 8.6, with individual values ranging from 7.8 to 9.3. Even the highest value they 
give, 6.6 for Helianthus annuus, lies far below that found by the writer: 9.6, mean 
value 8.7, for Populus canadensis. Since the age of the leaves cannot account for 
these deviations (the determinations were all made in July), it may be suggested 
that they are caused by diversities in the nutrition of the plants. Also Seybold & 
Egle (1937) have found chlorophyll concentrations in leaves, up to 50 per cent. 
greater than those observed by Willstätter & Stoll. 

Some remarks about the development of aurea leaves must be added. Very young 
leaves of Sambucus canadensis aurea are greenish-yellow, and the chlorophyll con- 
centration is about 1.4 mg (a+b)/dm?. Caused by the growth of the blades, and 
probably also by a slight destruction of the chlorophyll, the concentration diminishes 
until, in the fully developed leaves, it is about 0.47 mg (a+b)/dm?. The colour is 
then pure yellow, with a little green just visible along the veins. During the following 
days the chlorophyll is destroyed at a nearly constant rate, and the colour changes 
from yellow to pale yellow, finishing up in a white-yellowish shade. In the pale 
yellow leaves there is about 0.21 mg chlorophyll per dm?, whereas in the white- 
yellowish leaves the chlorophyll has disappeared almost completely. The rate of 
chlorophyll destruction is affected by the light intensity; in shaded parts of leaves 
it proceeds more slowly than in fully illuminated ones. On the whole. the plastids 
in the yellow and pale yellow leaves are intact, whereas in the white-yellowish 
specimens they are found in a more or less advanced state of disintegration (cf. 
Engelmann, 1888, p. 17). The yellow leaves of Ulmus glabra lutescens develop 
similarly to the Sambucus leaves. 


3. Results 


The results of the photosynthesis determinations are shown in figures 5 
to 10. The data for the curves for Fraxinus, Corylus and Sinapis leaves 
(figs. 8 and 10) are given in an earlier work (Gabrielsen 1940). The other 
curves are from experiments carried out from 1940 to 1943 inclusive, chiefly 
in July. The curves are numbered according to increasing chlorophyll con- 
centration in the leaves, and the numbers correspond to those of the leaf- 
categories in Table 3. The plotted points represent the average of at least 
two single determinations with two or three leaves in the leaf-chamber; in 
several cases the points represent from four to six single determinations. 

An examination af figs. 5 to 10 shows that the slope of the curves varies 
with the chlorophyll concentration. It is most obvious for the leaves of 
Sambucus canadensis aurea (fig. 5, curves 1 and 2) and Ulmus glabra 
lutescens (fig. 6, curves 3, 4 and 5), but in many cases the other curves also 
show a steeper slope when the chlorophyll content in the leaves is increased. 


2 
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Fig. 5. Fig. 6. Fig. 7. 


Photosynthesis curves for green and yellow leaves. Photosynthesis P in mg CO2/dm°hr, 
illumination Ip in cal/dm?. -— Fig. 5. Curves 1 and 2: Sambucus canadensis aurea (0.21 
and 0.47), curves 7 and 16: Sambucus nigra aurea and typica (4.2 and 8.6). — Fig. 6. Curves 
3, 4 and 5: Ulmus glabra lutescens (0.76, 1.1 and 1.8), curve 15: Ulmus carpinifolia (8.4). 
— Fig. 7. Curves 6 and 11: Atriplex hortensis chlorina and typica (2.5 and 6.4), curve 13: 
Triticum sativum (6.7). The figures in parentheses are the chlorophyll concentrations in 
mg (a+b)/dm?. The curve numbers correspond to the leaf category numbers in Table 3, 
p. 16. 


However, the slopes of the curves do not increase in proportion to the 
chlorophyll concentration. For instance, the two curves for pale yellow and 
yellow Sambucus canadensis leaves (fig. 5, 1 and 2), with 0.21 and 0.47 mg 
(a+b)/dm? respectively, indicate that a doubling of the chlorophyll con- 
centration results in a considerable increase in the slope of the curve. But a 
comparison of curves 7 and 16 (fig. 5, Sambucus nigra aurea, and typica, 
4.2 and 8.6 mg (a+ b)/dm?) shows that in this case a doubling of the chloro- 
phyll concentration produces only a small change in the ascent of the curves. 
The increase of the curve slope, representing the effect of the chlorophyll 
factor, is greatest when the chlorophyll concentration is lowest. 

This fact becomes still more conspicuous when all the leaf categories are 
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so 100 150 50 100 150 200 
Ip 

Big. 8: Fig. 9. Fig. 10. 
Photosynthesis curves for green leaves. Photosynthesis P in mg COs/dm2hr, illumination 
Ip in cal/dm?hr. — Fig. 8. Curves 8 and 12: Fraxinus excelsior, shade leaves and sun 
leaves (4.8 and 6.6). — Fig. 9. Curves 9 and 17: Populus canadensis aurea and typica (5.1 
and 8.7). — Fig. 10. Curve 10: Corylus maxima (6.0), curve 14: Sinapis alba (7.0). The 


figures in parentheses are the chlorophyll concentrations in mg(a+b)/dm?. The curve 
numbers correspond to the leaf category numbers in Table 3, p. 16. Data for the curves 
in figs. 8 and 10 from Gabrielsen, 1940. 


compared. For this comparison, the maximum energy yield as a percentage 


of the incident photosynthetic active radiation 


Pong | 
Po =limyp+0 is 


Ip 


has been used. The maximum energy yield indicates the slope of the initial 
part of the photosynthesis curve, and becomes thus an expression for the 
effect of the chlorophyll factor. $9 is calculated by reading the photosyn- 
thetic rate P (mg CO,/dm?hr) of the curves at a light intensity of I p>=40 
cal/dm?hr, and multiplying this value by 2.68 : 100 : 40 (1 mg assimilated 
CO, 2.68 cal bound radiant energy, Gabrielsen 1940, p. 131 seq.). 

The maximum energy yield calculated for the various categories of leaves 


is shown in Table 4. 
In fig. 11 the values of o are plotted as a function of chlorophyll con- 
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Table 4. Dependence of the maximum energy yield on chlorophyll concentration. 
es 


P at 
Chlorophyll | 7, — 40cal/dm?hr 
eaf categor P PO 
u Kr mg(a + b)/dm? (mg CO,/dm?hr) 

1. Sambucus canadensis aurea......... 0.21 0.25 1.7 
2. Sambucus canadensis aurea......... 0.47 0.55 3.7 
3. Ulmus glabra lutescens ..............- 0.76 0.90 6.0 
4. Ulmus glabra lutescens...... SE 1.1 1215 4-4 
5. Ulmus glabra lutescens............... 1.8 1.50 10.0 
6. Atriplex hortensis chlorina ......... 2.5 1.55 10.4 
72 SamDuecnsettgrTawaurea nee see 4.2 1.75 07 
8. Fraxinus excelsior (shade leaves) 4.8 1.40 9.4 
9. Populus canadensis aurea............ 5.1 1.95 | 13.1 
NOMGORULS PMG LUNG RE Eee eee 6.0 2.10 14.1 
II Atrıplesshortensisu.ene ce 6.4 2.30 15.4 
12. Fraxinus excelsior (sun leaves) ... 6.6 1.80 121 
TasEnrıticumesativns ES. eee eis 6.7 2.00 13.4 
TA Sınapistalbaerk er rennen ern 7.0 2.00 13.4 
15% Ulmuszearpinifolian.n.e suessesecrene: 8.4 2.15 14.4 
NG ESaıNDUCUSITULT Omerereceee e secre 8.6 2.05 13% 
eBRopulusneanadensisn. re 8.7 2.20 14.7 


centration. The curve shows that the energy yield increases strongly with 
increasing chlorophyll concentration, until the latter reaches about 2 mg 
(a+b)/dm?. Thereafter the increase of the yield is constantly reduced until 
a concentration of 4 to 5 mg (a+b)/dm? is reached. A further increase in 
chlorophyll concentration has no great effect on the yield, and the curve 
approaches the asymptote ?9=14.2. From this it can be concluded that the 
effect of the chlorophyll factor reaches its optimum at a concentration of 
about 4 to 5 mg (a+b)/dm?. 

The spread of the points around the energy yield curve is greatest in the 
maximum region, whereas the points are closer to the curve in its ascending 
part. The explanation of this fact must be that there are factors other than 
the chlorophyll concentration affecting the absorption of light in the leaves. 
In the first five leaf categories, from only two varieties, these factors do not 
seem to vary much; in the other categories, from 10 different species and 


varieties, there is a greater range of variation. The nature of the participating 
factors is discussed below. 


III. Discussion 


1. Influence of chlorophyll concentration on light absorption and 
photosynthesis 


In this first part of the discussion the effects of the chlorophyll factor on 
light absorption in leaves are compared with its effects on photosynthesis. 
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Fig. 11. Maximum energy yield (+,) as a function of the chlorophyll concentration. The 
numbers at the points indicated are the leaf category numbers and correspond to the 
curve numbers in figs. 5 to 10. 


The light absorption is calculated for the spectrum from À 400 to 700 mu. 
It is not necessary to consider the rest of the photosynthetic active spectrum, 
with wave-lengths smaller than 400 my, since the type of lamp employed 
in the photosynthesis experiments emits only very little ultraviolet energy. 
Moreover, the photosynthetic effect of ultra-violet rays is considerably less 
than that of the visible spectrum below A 700 my. 

The light absorption in leaves can be determined by means of the equation 


(1) A=1—(R+T), 
where A is the absorbed, R the reflected and 7 the transmitted fraction of 
the light falling on the leaf surface; the last two fractions are accessible 
to measurement. 


Investigations by Knuchel (1914), Pokrowski (1925), Shull (1929), Seybold (1933), 
Seybold & Weissweiler (1942) and Rabideau et al. (1946) have revealed many 
details about the reflection and transmission of leaves in different parts of the 
visible spectrum. However, the greater part of the material collected in these 
investigations cannot be used for an accurate calculation of the light absorption. 
Pokrowski and Shull studied merely the reflection, Knuchel and Seybold the trans- 
mission, and the leaf material used in these studies comprised only in one single 
case leaves of the same plant species. It was only very recently that Seybold & 
Weissweiler, by applying the Hardy recording spectrophotometer, succeeded in 
taking reflection and transmission measurements in direct succession on the same 
leaf, thereby arriving at reliable figures for its absorption of light. 

Another disadvantage of the data given for light reflection and transmission is 
that, generally, the leaf material is described merely by naming the plant species 
from which it comes. The absence of information about the concentration of leaf 
pigments is particularly regrettable. Only Seybold & Weissweiler have, in some of 
their investigations, measured the chlorophyll and carotinoid concentrations. How- 
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ever, it does not appear from their papers whether the measurements were made 
on the leaf which was used in the light absorption determinations. Experience from 
the present work shows that it is imperative, for satisfactory results, to determine 
the pigment concentration on the experimental leaf itself, especially for the leaves 
of aurea varieties. Furthermore, the investigators did not give information about 
the thickness of the leaves or of other anatomical details likely to affect the light 
absorption. It would be extremely valuable if a more detailed characterization of 
the leaf material were reported from future investigations in this field. 


Before discussing the observations made on the influence of pigment 
concentration on light absorption in leaves, it is convenient to consider the 
problem theoretically, using Seybold & Weissweiler’s data for the absorp- 
tion in Sambucus nigra leaves (1942 a, fig. 8a) as a starting point. These 
leaves are fairly typical green sun leaves and have, furthermore, been used 
in the present photosynthesis experiments. Their spectral absorption curve 
is reproduced in fig. 12 (curve c=1.0). 

If the light absorption by the leaf pigments conforms to Beer’s law, which 
may be expressed by the equations 


(2) A=1-T 
(3) Te=(T'e1), 


where A’ denotes absorption and T’ transmission in fractions of the light 
entering the leaves, it is possible from the Sambucus nigra curve in fig. 12 


to calculate spectral absorption curves for other pigment concentrations (c) | 


in the leaves. In these calculations, allowance should be made for the fact 
that the absorption values for the Sambucus leaves are expressed in frac- 
tions of the light energy falling on the leaf surface. This is most convenient 
from an ecological point of view. Beer’s law applies only when the absorp- 
tion is calculated in relation to the light energy that enters the absorbing 
substance. Before the law can be used, the absorption values of the initial 
curve must be converted according to 


; A 

) ee 
where A’ is the absorption expressed in fractions of the light energy entering 
the leaves, A the absorption and R the reflection in fractions of incident light. 

The curves in fig. 12 for c 2 1.0 are calculated from equations 2, 3 and 4, 
with the values for R which Seybold & Weissweiler used for calculating the 
absorption in Sambucus leaves (S. & W., 1942a, fig. 8a, here reproduced 
in Table 5, p. 24). From the A’ values of the Sambucus curve (eq. 4), A’ 
values of other pigment concentrations have been found (eq. 2 and 3) and 
from these latter values the absorption relative to incident radiation, in- 
dicated by the curves in fig. 12, is calculated from equation 4. 
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Almu) 
Fig. 12. Theoretical absorption curves. The absorption, A (in fractions of the na 
light), as a function of wave-length (A). Curve c=1.0: Absorption in leaves of Sambucus 
nigra from measurements by Seybold & Weissweiler (1942 a). The remaining curves, for 
various pigment concentrations (c), are calculated on the basis of this curve using Beer’s 
absorption law. 


Fig. 12 shows that the absorption does not change very much when the 
pigment concentration is increased to twice its initial level, or reduced to 
half of it. This might be expected, from the exponential character of Beer’s 
faw, and from the fact that absorption in Sambucus leaves (A’) is very 
close to the maximum. It explains why there is very little variation in the 
measured spectral absorption curves for ordinary green leaves from dif- 
ferent species. A greater fall in the absorption figures occurs only when the 
pigment concentration is lowered below half the value found in the Sam- 
bucus leaves. Theoretically, these falls should be greater than is shown by 
the curves. When making the calculations it is assumed that the reflection 
is uniform for all pigment concentrations. This, however, does not hold 
good. From Shull’s measurements on Tilia leaves at’ various stages of 
development and from Seybold & Weissweiler’s measurements on leaves 
with different pigment concentration (Table 5), it is seen that the reflec- 
tion is greatest when the pigment concentration is low. The increase of 
reflection with decreasing pigment content is due to the fact that only a 
small quantity of light is reflected from the leaf surface, whereas much 
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Table 5. Reflection from the upper side of foliage leaves as a percentage of incident light. 

Data from Shull (1929, 1 to 5) and Seybold & Weissweiler (1942 a, 6 to 8). The Syringa 

leaves have the lowest, and the Populus leaves the highest reflection among Shull’s mea- 
surements of green leaves from 26 species. 

BEE eS ee 


Tilia americana Sambucus Corylus avellana 
Wave- | Syringa| Populus fully yea typica aurea 
length |vulgaris| alba young | older | deve- Ae ie LE 3.3 (a + R 0.85 (a+ b) 
in mp leaves | leaves | loped | fam? 1.0 (x + ¢)|0.56 (a+ c) 
leaves 8 mg/dm? | mg/dm? 
1 2 3 4 5 6 7 8 
400 = = = — == 2 4 5 
420 == == = = = 2 4 5 
430 3.0 6.5 7.5 3.0 5.0 3 4 5 
440 3.5 1.5 8.0 6.0 4.0 3 4 5 
460 4.5 9.0 8.0 6.5 6.0 + 4 5 
480 4.5 10.0 9.0 5.0 6.0 5 4 5 
500 4.5 12.0 14.0 5.0 5.0 5 5 7 
520 5.0 14.0 21.0 10.0 7.0 8 11 18 
540 6.0 19.0 27.0 15.0 10.0 12 %7 28 
560 6.5 20.0 28.0 15.0 10.0 13 17 29 
580 6.0 16.5 24.5 12.0 8.0 10 13 28 
600 5.5 13.0 23.0 10.0 7.0 8 11 26 
620 5.0 12.0 20.0 8.0 6.0 7 10 23 
640 5.0 12.0 19.0 8.0 6.0 6 8 21 
660 4.0 10.5 16.0 5.0 6.0 5 6 16 
680 3,5 10.0 10.0 4.0 4.0 5 5 9 
| 700 3.0 8.5 20.0 9.0 7.5 11 15 25 


more light is thrown back from the interior of the leaf, where, in particular, 
the spongy tissue, with its many air-filled intercellular spaces, possesses 
great powers of reflection (Pokrowski, 1925, Shull, 1929). With a lower 
pigment concentration, the light reflected from inner parts of the leaf has 
a greater opportunity of not being absorbed on its way out. Comparing the 
reflection figures for Sambucus leaves with those for the two kinds of 
Corylus leaves (Table 5), it is obvious that a marked increase in reflection 
does not appear unless the pigment concentration is reduced to less than 
half that of the first named leaves. Thus it is beyond doubt that in fig. 12 
the theoretical absorption curves, for the leaves with the lowest pigment 
concentration, show values which are too high. However, adequate data for 
correcting these values are not available. 


The form of the theoretical absorption curves would also be somewhat changed 
if a correction were made for the variations of the reflection. It appears from the 
figures in Table 5 that the increase of reflection in violet-blue light (A 400 to 500 my.) 
is much less than in other parts of the spectrum. This is one reason why absorption 
curves measured with aurea leaves (fig. 13) did not show such a marked fall be- 
tween À 400 and À 500 mp, with decreasing pigment concentration, as the cal- 
culated curves in fig. 12. Another reason for this disagreement is that xanthophyll 
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400 500 600 700 

À (mp 
Fig. 13. Absorption curves for leaves measured by Seybold & Weissweiler. Curve 1: Hedera 
helix (6.9 and 1.2); curve 2: Sambucus nigra (6.0 and 0.83); curve 3: Corylus avellana (3.3 
and 1.0); curve 4: Corylus avellana aurea (0.85 and 0.56); curve 5: Sambucus nigra aurea 


> 


(0.45 and 0.21); curve 6: Pelargonium zonale, leaf without pigments. The figures in 
parentheses indicate chlorophyll concentrations in mg (a+b)/dm? and carotinoid con- 
centrations in mg (x+c)/dm?. 


and carotin, which are responsible for part of the absorption at wave-lengths shor- 
ter than 520 my, are not reduced in the yellow leaves to the same extent as the 
chlorophyll (cf. Table 3, p. 16). However, as absorption in the violet-blue part sof 
the spectrum is of little importance in the following discussion, this objection to 
the theoretical spectral absorption curves may be disregarded. 


Before comparing light absorption and photosynthesis at different pigment 
concentrations, it is necessary to calculate, from the curves in fig. 12, the 
absorption under the same conditions of illumination as those applied in 
the photosynthesis -experiments. In fig. 14 the broken curve indicates the 
relative distribution of energy (L) of an Osram-nitra lamp (1500 Watt). By 
means of this curve and the absorption curves in fig. 12, a new set of curves 
(A-L, fig. 14) is obtained, showing the absorption for various pigment 
concentrations in the light used for photosynthesis experiments. 

The new set of curves shows that the absorption in violet-blue from 
À 400 to 500 my, compared’ with that in the remaining part of the photo- 
synthetic active spectrum, is relatively small for all pigment concentrations. 
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Fig. 14. Absorption in light from a filament lamp (Osram-nitra, 1500 Watt). Broken curve: 

Relative dispersion of energy (L) in the spectrum of the lamp. Solid curves: Absorption 

at different pigment concentrations (A-L) calculated from the energy dispersion curve 
and the absorption curves in fig. 12. 


It is shown numerically in Table 6, where the absorption within each spec- 
tral region is calculated in fractions of the total absorption, by means of the 
areas bounded by the curves, the limit wave-lengths and the axis of the 
abscissa. It will be seen that absorption in the violet-blue part of ‘the 
spectrum amounts to only 11 to 16 per cent. of the total absorption. As 
chloropnyll pigments also absorb light within this spectral region, the 
absorption of the carotinoids may be regarded as negligible compared with 
that of the green pigments. Under the conditions of illumination used in 
the photosynthesis determinations, it can be concluded that chlorophyll a 
and b were the only light-absorbing plastid pigments. The problem of 
carotinoids participating in photosynthesis is omitted from this discussion. 


Montford (1942) protests against the ordinary method of comparing the absorp- 
tion in various spectral regions and its application in an earlier work of the author 
(Gabrielsen, 1940). Montfort adopts the view that no comparison can be made by 
integrating spectral absorption curves, when absorption is measured in fractions of 
incident light. He suggests that a true comparison can be obtained only by integrating 
a curve which shows the extinction as a function of wave-length. Naturally, there is 
no doubt that in photometry it is often useful to employ the extinction (E) for 
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Table 6. Absorption within three spectral regions in fractions of the total absorption 
(A 400 to 700 my) for each pigment concentration (c) calculated from the theoretical 
curves in fig. 14. 


Re Ne lu "Me 7 

* | _Violet-blue light | Green-yellow light |  Orange-red light | 

À 400 to 500 mu | À 500 to 600 my À 600 to 700 mp | 
2.0 0.11 0.31 0.58 
1.0 0.11 0.30 0.59 
0.8 0.11 0.29 | 0.60 
0.6 0.12 0.28 0.60 
0.4 | 0.13 0.26 | 0.61 
0.2 0.14 0.25 0.61 
0.1 0.16 0.24 0.60 
0.05 0.16 0.24 0.60 


characterizing the absorption power of a solution (e.g. see fig. 4 p. 14). The extinc- 
tion is the negative logarithm of the ratio between the intensity of the transmitted 
light and that of the light entering the absorbing substance, expressed in this paper 
as E=--Iog T’. If the absorption follows Beer’s law, a doubling of the pigment 
concentration will give a doubling of the extinction, no matter how great the 
absorption is. In many cases it may be convenient to use a rectilinear function of 
this kind. But the application of the logarithmic expression to the purpose for 
which Montfort has used it, leads to absurd results, for it conceals the important 
fact that a doubling of the pigment concentration involves only a very small extra 
absorption if the absorption is already large. Further criticism of Montfort’s argu- 
ments is given by Seybold & Weissweiler (1942 b). 


Using the theoretical absorption curves in fig. 14, the total absorption of 
electric light (Aj can now be estimated for various chlorophyll con- 
centrations in the leaves, by means of the equation 


700 mp 
A-L da 
: __ 400 mp 
(5) At= 700 mu 
Ledà 
400 my 


In Table 7 the figures found are compiled with values for the chlorophyll 
concentration. These are calculated from the concentration in Sambucus 
leaves, the absorption of which was used for estimating the theoretical 
absorption curves in figs. 12 and 14 (according to Seybold & Weissweiler, 
1942 b, 6.0 mg (a+b)/dm?). For comparison with these theoretical A; values, 
similar figures for leaves with various chlorophyll contents have been cal- 
culated from Seybold & Weissweiler’s spectral absorption curves (1942 a 
and b), using equation 5 (see Table 8, p. 29). .„. 

The At values from Seybold & Weissweiler’s material are in fig. 15 (marked 
with crosses) compared with the theoretical values represented in the solid 
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Table 7. Relation between chlorophyll concentration and total absorption (À 400 to 700 my, 
electric light). Theoretical values from the curves in fig. 14. 


| Chlorophyll a 

| É mg(a + b)/dm? 

2.0 12.0 0.92 

| 1.0 6.0 0.86 

| 0.8 4.8 0.82 

| 0.6 3.6 0.75 
0.4 2.4 0.62 
0.2 ie 0.40 
0.1 0.6 0.24 
0.05 0.3 0.13 


curve. For high chlorophyll concentrations the agreement is good, as might 
be expected. But with lower concentrations the A; values from the measured 
absorption spectra lie much higher than the theoretical values, which, 
furthermore, are higher than they should have been (see pp. 23 and 24). 

Thus, it appears that the light absorption in the leaves does not entirely 
follow Beer’s law when the chlorophyll concentration decreases. This dis- 
agreement can be explained by the special optical conditions inside the leaf: 
the localization of the chlorophyll in plastids, the distribution of the chloro- 
phyll within these plastids (connexion between chlorophyll and protein 
molecules), and the anatomical structure of the mesophyll, with its numerous 
air-filled intercellular spaces. These optical conditions cause a scattering of 
the light, making the path of the rays in the absorbing substance longer in 
the leaf than in a molecular dispersed solution with the same chlorophyll 
concentration in relation to the illuminated surface. If a beam of light pas- 
ses through the upper side of a leaf, part of the rays will be absorbed at 
once during the first passage through the mesophyll, some will be reflected 
inside the leaf, and a third part will make its way out through the lower 
epidermis and be measurable as transmission. The reflected rays will partly 
be absorbed, and partly come out through the upper epidermis, increasing 
so the reflection, or, through a second internal reflection towards the lower 
side of the leaf, increase the absorption and the transmission. 

In a leaf with high chlorophyll concentration, a large part of the beam 
is absorbed on its passage through the upper layers of chloroplasts; the 
inner reflection will be relatively small, especially that from the lowest parts 
of the leaf. If, on the other hand, the chlorophyll concentration is low, the 
absorption during the first passage through the mesophyll will be less: a 
greater part of the beam will be thrown back inside the leaf and have the 
possibility of being absorbed during a second, third or even later passage 
through the mesophyll. Thus the distance travelled by the light through 
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Table 8. Absorption in electric light calculated from Seybold & Weissweiler’s spectral 
absorption curves for foliage leaves. 


nD 


: Chlorophyll At 
Species Calculated from mg (a + b)/dm?|(A 400 to 700 mm) 
EL CUISHCLOSELE ER Eee nn cone sch aioe 1942 b, fig. 16 7.0 0.91 
Hedera helix (year-old eS) 1942 b, fig. 31 6.9 0.91 
Fagus silvatica (sun leaves) .. 1942 a, fig. 10 6.5 0.85 
Sambucus nigra... : 1942 a, fig. 81 6.0 0.86 
Hedera helix (young leaves) .. 1942 b, fig. 3 4.8 0.82 
Fagus silvatica (shade leaves) 1942 a, fig. 10 4.3 0.83 
Actinidia kolomikta ............... 1942 b, fig. 22 3.8 0.81 
Corylus avellana waere. 1942 a, fig. 121 3.3 0.81 
ParietAriatofftetnalis 1942 b, fig. 16 3.1 0.83 
Corylus avellana aurea ......... 1942 b, fig. 4 Te 0.70 
Corylus avellana aurea ......... 1942 a, fig. 121 0.85 0.61 
Physocarpus opulifolius aureus| 1942b, fig. 5 0.82 0.76 
Sambucus nigra aurea...... ..... 1942 b, fig. 51 0.45 0.36 
| Sambucus nigra aurea............ 1942 b, fig. 6 0.45 0.32 
Philadelphus coronarius aureus| 1942 b, fig. 4 0.38 0.43 
Acer palmatum aureum ........ 1942b, fig. 6 0.32 0.47 
| Pelargonium zonale ...............| 1942a, fig. 31 0 0.22 


1 These curves are reproduced in fig. 13 of this paper. 


the chlorophyll-béaring parts of a leaf is increased with decreasing chloro- 
phyll concentration. However, Beer’s law is only valid when the distance 
travelled by the light beam is constant. This explains why the measured A; 
values are higher than the theoretical ones. Another contributory cause is 
the inactive absorption (absorption in parts of the leaf other than the plastid 
pigments) which increase when the chlorophyll concentration is lowered 
(see p. 30); this increase is included in the measured values but not in the 
theoretical ones. 

An examination of the curve in fig. 11, which indicates the effect of 
increasing chlorophyll concentration on photosynthesis (the energy yield 
curve), shows that the course of this curve is governed mainly by the same 
principle as that influencing the absorption curve in fig.. 15, viz., that the 
increase of light absorption for a given increase in chlorophyll concentration 
is lessened with growing chlorophyll concentration in the leaves. The 
asymptotical course of the energy yield curve is thereby explained. However, 
the question remains whether this curve in its entire course is affected only 
by the intensity of the light absorbed, or the wave-length factor also plays 
a part. The absorption curves in figs. 12 and 13 indicate that the quality 
of the absorbed light changes remarkably with decreasing pigment con- 
centration in the leaves. Nevertheless, the analysis in Table 6, p. 27, shows 
that these changes are not very important under the conditions of illu- 
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mination used in the photosynthesis experiments.’ The orange-red fractions, 
which are much greater than the green-yellow and violet-blue ones, did not 
change appreciably. Small variations are found in the two latter fractions, 
but it seems improbable that they could affect the rates of photosynthesis 
seriously, especially since the photosynthetic effect diminishes with de- 
creasing light wave-length. 

Consequently, since the course of the energy yield curve is governed 
mainly by the intensity of the absorbed light, an expression for the de- 
pendence of absorption on chlorophyll concentration might also be found 
from this curve. In this case, however, it is only the light absorption taking 
place in the chlorophyll molecules themselves (the active absorption), which 
produces any effect; the light absorbed by the walls, cytoplasm and nuclei 
of the cells, and by the stroma of the plastids does not influence photo- 
synthesis, and may be referred to as inactive absorption. The magnitude 
of this inactive absorption cannot be estimated with accuracy in a green leaf. 
In completely white, chlorophyll-free leaves of Pelargonium zonale, Seybold 
(1933) and Seybold & Weissweiler (1942 a) found absorption values between 
50 and 20 per cent. of incident light in the spectrum from À 400 to 700 mu 
(curve 6, fig. 13, p. 25). The total absorption in the light used in the photo- 
synthesis experiments, amounts to A;=0.22 (Table 8). Naturally, it cannot 
be expected that the inactive absorption in a chlorophyll-rich leaf will 
reach such a high value, as a large part of the light will be absorbed in 
the upper layers of chloroplasts, having no opportunity to be absorbed 
inactively in the interior of the leaf. Measurements on white leaves can 
solely yield information about the highest values that the inactive absorp- 
tion can reach. From a comparison of the absorption in green and white 
leaves with that in thin thalli of green algae, Seybold (1933, p. 260) con- 
cluded that the inactive absorption in green leaves amounts to about 10 
per cent. of the incident light. Assuming this figure to be valid, a curve 
representing the dependence of active absorption on chlorophyll con- 
centration should have an asymptote lying 0.10 below that of the theo- 
retical absorption curve in fig. 15, i.e., at A;—0.82. 

In order to compare the information about active absorption which can 
be extracted from the photosynthesis experiments, with the observations on 
the absorption in leaves, it may be assumed that an energy yield of p9=14.2 
(the asymptote of the energy yield curve in fig. 11) corresponds to a light 


! The analysis is based on the theoretical absorption values (fig. 14), considering that 
they provide more information on the quality of light absorbed in the chlorophyll than 
the measured spectral absorption curves from aurea leaves, In the latter, the inactive 


absorption makes it difficult to estimate the quality of the absorbed light which has a 
bearing on photosynthesis. ö 
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Fig. 15. Dependence of light absorption on chlorophyll concentration. A,=total absorp- 

tion between À 400 and X 700 my. Solid curve: Values obtained from theoretical absorption 

curves in fig. 14. Crosses indicate absorption values calculated from Seybold & Weiss- 

weiler’s measurements with leaves (Table 8). Broken curve: Active light absorption cal- 
culated from the energy yield curve in fig. 11. 


absorption in the chlorophyll of A;=0.82. Using this relation between 9 
and A; to bring the energy yield curve into the co-ordinate system in fig. 15, 
the broken curve is obtained. This curve provides an expression for the 
variation of the active absorption with increasing chlorophyll concentration. 

The curve for active absorption intersects the theoretical curve based on 
Beer’s law, and lies in its lower course higher than the latter. This fact is 
comprehensible considering what has been said about the inner reflection in 
leaves and its increasing effects on light absorption, when the chlorophyll 
concentration decreases (cf. pp. 28 and 29). 

There is nothing surprising about the position of the actual absorption 
values for leaves rich in chlorophyll (marked with crosses in fig. 15) in 
relation to the curve for active absorption, remembering that this curve is 
based on values for energy yield which also show a marked variation in 
green leaves. It is also reasonable to assume that the inactive absorption in 
the leaves which influences the size of the ordinate differences between the 
broken curve and the crosses, may vary from one species to another. For 
the chlorophyll-poor leaves, however, most of the values for the leaf ab- 
sorption are situated far from the curve. Those for aurea leaves of Sam- 
bucus nigra (Az, calculated from Seybold & Weissweiler, 1942 b, respectively 
0.32 and 0.36, both determinations on leaves with 0.45 mg [a+b]/dm/?, 
Table 8) are the only exceptions. The active absorption at a chlorophyll 
concentration of 0.45 mg (a+b)/dm? is 0.22 according to the curve. Thus 
the inactive absorption, represented by the ordinate differences, is respec- 
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tively 0.32—0.22=0.10 and 0.36—0.22=0.14, i.e., 10 to 14 per cent. of the 
incident light. These values do not seem improbable, considering that the 
total absorption in chlorophyll-rich leaves is supposed to be 10 per cent. 
För the other aurea leaves, however, much higher values for inactive absorp- 
tion are found: for Acer palmatum aureum (0.32 mg [a-+b]/dm?) 31 per cent. 
for Corylus avellana aurea (0.85 and 1.10 mg [a+b]/dm?) 25 and 27 per 
cent. of incident light. The highest value, 41 per cent., is found for leaves 
of Physocarpus opulifolius aureus (0.82 mg [a+b]/dm?). 

Considering that the total absorption for entirely white leaves is 0.22, 
giving an upper limit for the inactive absorption in a leaf of 22 per cent. 
of incident light, these values seem surprisingly high. It might be thought 
that photosynthesis determinations with leaves from the same species as 
those used in Seybold & Weissweiler’s measurements, could give higher 
values for the active absorption than those shown by the curve in fig. 15, 
thereby reducing the values found for inactive absorption. However, the 
position of the A;-values for Sambucus nigra aurea in relation to the curve 
makes this assumption rather improbable. Thus it must be realized that 
aurea leaves in certain cases show an extraordinarily high inactive absorp- 
tion. It may be assumed that the breaking down of the pigments in aurea 
leaves (see p. 17) results in a formation of products which sometimes 
accumulate and cause a marked increase in the inactive absorption. Perhaps 
the absence of any regular distribution in the co-ordinate system for A;- 
values of aurea leaves (fig. 15) also points to the existence of such a variable 
factor affecting the absorption. 


2. Influence of leaf thickness on light absorption and photosynthesis 


It appears from fig. 11, p. 21, that extreme shade leaves of Fraxinus 
excelsior (leaf category 8, 4.8 mg [a+b]l/dm?) possess a maximum energy 
yield considerably lower than that of sun leaves of the same species (cate- 
gory 12, 6.6 mg [a+b]/dm?). This cannot be caused by differences in chloro- 
phyll contents, since the sun leaves coming closest to the shade leaves in 
chlorophyll concentration (category 7, Sambucus nigra aurea, and 9, Populus 
canadensis aurea) have an efficiency just as high or higher than sun leaves 
of Fraxinus. Therefore, it seems reasonable to connect the observed dim- 
inishing of the energy yield merely with the thickness of the blades, this being 
only 0.09 mm in the shade leaves, whereas most of the sun leaves are more 
than twice as thick (cf. Table 3, p. 16). It could be assumed that the thickness 
of the leaf blade affects its power of absorption, perhaps because the oppor- 


tunities for inner reflection and prolongation of the light path are fewer in 
thin leaves. 
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However, this assumption does not agree with Seybold & Weissweiler’s 
observations on absorption curves of sun and shade leaves. Measurements 
with leaves of Fagus silvatica (1942 a, fig. 10) show that, throughout the 
spectrum, shade leaves with 4.3 mg (a+-b)/dm? have absorption values which 
are only 0.02 less than the values for sun leaves with 6.5 mg (a+b)/dm? 
(incident light—1.0). It might have been expected that the difference in 
power of absorption would be much greater in the green part of the spectrum, 
near À 550 my, than in the violet-blue and orange-red parts. This would 
correspond to Seybold & Weissweiler’s observations on other leaves, showing 
differences in chlorophyll concentration similar to those of the sun and 
Shade leaves examined. As an example, the absorption curves for the Fagus 
leaves may be compared with those for year-old and young Hedera helix 
leaves, whose diversity in chlorophyll content is comparable to that of the 
sun and shade leaves (6.9 and 4.8 mg [a+b]/dm?, respectively; 1942 b, fig. 3). 
The total absorption in electric light, A;, for sun leaves of Fagus is 0.85, 
and for shade leaves 0.83, whereas the Hedera leaves richest in chlorophyll 
have A;=0.91, and the poorest A —0.82 (Table 8). In view of the great 
difference between the Hedera A;-values, it is surprising to find so small 
a difference in total absorption for the sun and shade leaves. 

Another important point is that Seybold & Weissweiler’s results do not 
agree with those of Knuchel’s spectrophotometric studies on transmission 
through sun and shade leaves (1914). Even if the spectrophotometer which 
he used was less efficient than Seybold & Weissweiler’s Hardy apparatus, 
the close agreement of their figures for transmission through green sun 
leaves proves that Knuchel’s determinations are not inaccurate. Knuchel 
obfained varying results for shade leaves. In some plant species they did 
not differ appreciably from the transmission through sun leaves. In one 
case, a sun leaf gave greater transmission than a corresponding shade leaf. 
For other species, including Fagus <lvatica and Corylus avellana, trans- 
mission through shade leaves was much greater, on certain wave-lengths being 
twice that of the sun leaves. Knuchel’s results are understood better when 
it is realized that he did not measure the area weight of the leaves or their 
thickness, and therefore could not know to what extent the examined leaves 
were altered by shade conditions. In some cases they may have been extreme 
shade leaves with a high degree of transmission. In other cases the structure 
of the shade leaves may not have differed very much from that of the sun 
leaves, both showing nearly the same transmission. Since Seybold & Weiss- 
weiler also gave no quantitative morphological or anatomical description of 
their leaf material, it cannot be decided whether or not they used extreme 
shade leaves for their measurements. However, Knuchel’s determinations of 
transmission, in conjunction with the present investigations on photosynthesis 
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in shade leaves, make it clear that extreme shade leaves have a power of 
absorption considerably lower than that of sun leaves. 

The figures for the energy yield of sun leaves rich in chlorophyll, show 
a considerable variation (fig. 11, p. 21). The highest value, ¢9=15.4 is found 
for Atriplex hortensis (leaf category 11, 6.4 mg [a+b]/dm?), the lowest, 
#0=12.1, for Fraxinus excelsior (category 12, 6.6 mg [a+ b]/dm?). The aver- 
age value for leaves with more than 5 mg chlorophyll per dm? is ¢9=13.8, 
the deviations reaching as high as 12 per cent. of the mean value. 

The reason of this fluctuation may be, partly, that the amount of light 
reflected from the leaves is not the same in various species. Shull’s in- 
vestigations on the reflection of green leaves from 26 species (1929) show 
that the variation in the reflection from one species to another is not 
negligible (see Table 5, p. 24, where the lowest and highest value are shown). 
The total reflection for electric light, R;, calculated from the values in 
Table 5, in the same way as the calculation of A; (eq. 5, p. 27), gives the 
mininum value R;=0.05, and maximum R;=6.13, the mean value being 
0.09 with a highest deviation of 0.04. 

From this it must be concluded that the variation in reflection is, at most, 
about 5 per cent. of the average total light absorption in leaves rich in 
chlorophyll (4,—0.87). Therefore, these variations can only account for 
nearly half of the 12 per cent. deviation observed in the energy yield. It 
must then be assumed that a part of the variation in energy yield for green 
leaves depends upon factors which either reduce or increase the active 
absorption, or which have an effect on the inactive absorption. In this con- 
nection it is remarkable that the greatest energy yield is found in the leaves 
with the thickest blades (Atriplex 0.37 mm), and the lowest is observed in 
Fraxinus leaves, the blades of which are the thinnest of all the sun leaves 
examined (0.17 mm). This suggests strongly that leaf thickness partly 
determines the power of absorption. It seems that the previous view on 
this subject, i.e., that the thickness of the leaves can have only very little 
influence on light absorption, will have to be modified. 

The maximum energy yield for wheat leaves (leaf category 13, fig. 11, 
p. 21) is very similar to those found for leaves of dicotyledoneous plants. 
The mesophyll of wheat leaves consists only of spongy tissue, whereas all 
other leaves examined possess well-developed palisade cells. The agreement 
between the energy yield values justifies the conclusion that mesophyll dif- 
an von in palisade and spongy tissue does not have any effect on the 
light absorption power of chlorophyll-rich leaves. , 
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IV. Summary and Conclusions 


Previous work on the influence of chlorophyll concentration on photo- 
synthesis in foliage leaves has been confined to an examination of the effect 
of this factor in strong light. In the introduction it is pointed out that this 
principle is misleading. Chlorophyll concentration is certainly a weak-light 
factor, i.e., its full effect can be observed only in weak light, where photo- 
synthesis is proportional to light intensity. An increase or decrease of the 
amount of light absorbed, caused by variations in chlorophyll concentration, 
will be fully evident through changes in the rate of photosynthesis only 
under these conditions. Thus, the effect of the chlorophyll factor is recog- 
nizable in the slope of the initial part of a curve which shows the variation 
of photosynthesis with increasing light intensity. With greater illumination 
the effect is at least partly concealed by the activity of other factors, i.a., 
the temperature and carbon dioxide factors and factors affecting the non- 
photochemical reactions involved in photosynthesis. 

This interpretation gives a new basis for examining the effect of the 
chlorophyll factor. The experiments have been carried out with leaves of 
various species and varieties, distinguished from one another by their 
capacity for forming chlorophyll. Among the plant material it was possible 
to segregate a total of 17 leaf categories with a chlorophyll concentration 
varying between 0.21 and 8.7 mg of chlorophyll (a+b) per dm?. For each 
category, the rate of photosynthesis was determined as a function of the 
illumination in weak light from an electric lamp (intensities from 0 to 250 
cal/dm?hr, photosynthetic active light, i.e., 0 to 9.000 lux.). 

The effect of the chlorophyll factor is expressed by the maximum energy 
yield (go) which is proportional to the slope of the initial part of the photo- 
synthesis curve. po is defined as the percentage of an incident radiation of 
40 cal/dm?hr, which is bound as chemical energy in photosynthesis. The 
experiments show that the ¢g values rise quickly with increasing chlorophyll 
concentration in the leaves, until the latter is about 2 mg (a+b)/dm?; after 
this point, the increase in energy yield with increasing chlorophyll content 
becomes proportionally smaller, gradually approaching zero. The curve 
which represents the energy yield as a function of the chlorophyll con- 
centration, describes a course towards an asymptote fg=14.2 (fig. 11, p. 21). 
The effect of the chlorophyll factor reaches its optimum at a concentration 
of 4 to 5 mg (a+b)/dm’, so that an increase in concentration beyond this 
limit does not affect the rate of photosynthesis. 

The experimental results are compared with, recent observations on the 
influence of chlorophyll concentration on light absorption in leaves. By 
means of leaf absorption curves (Seybold & Weissweiler), and the spectral 
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energy distribution for the lamp used in the experiments, the total absorp- 
tion within the photosynthetic active spectrum is calculated for a number 
of leaves containing different quantities of chlorophyll. For green leaves 
with 4 to 7 mg (a+b)/dm? the total absorption lies between 0.82 and 0.91 


(incident light energy=1.00), and shows only a slight increase with rising, 


chlorophyll concentration. The relative independence of the absorption from 
the chlorophyll concentration in these leaves has its physical explanation 
in Beer’s law, according to which a large increase of concentration gives 
but little extra absorption if the latter is already high. This also explains the 
course of the energy yield curve towards an asymptote. 

It can be demonstrated that the quality of the absorbed light at different 
chlorophyll concentrations in the leaves does not change sufficiently to 
alter markedly its photosynthetic effect. So the energy yield curve is deter- 
mined mainly by the intensity of light absorbed at any chlorophyll con- 
centration. The curve is, therefore, a biological expression for the influence 
of chlorophyll concentration on light absorption. In this case, however, it 
is only the radiant energy absorbed in the chlorophyll molecules (the active 
absorption) which is relevant; the light absorbed by the walls and cyto- 
plasm of the cells (the inactive absorption), included in the absorption 
values by direct measurement of the absorption in leaves, has no effect. If 
the inactive absorption in a green leaf is assumed to be 10 per cent. of the 
incident light (Seybold, 1933), it is possible by means of the energy yield 
curve and the mean value for total absorption in green leaves to calculate 
values indicating the dependence of the active absorption on chlorophyll 
concentration (fig. 15, p. 31). When the figures for total absorption in leaves 
of aurea varieties poor in chlorophyll are compared with this curve, it seems 
that most of these leaves must possess an inactive absorption much greater 
than that of green leaves. 

It is pointed out that the maximum energy yield for the different cate- 
gories of green leaves also varies regardless of their chlorophyll concen- 
tration. The energy yield is highest in thick sun leaves, less in thin ones, and 
least in thin shade leaves. Accordingly, the experiments provide evidence 


that the light absorption of leaves is not only dependent on the chlorophyll 
concentration, but also on the leaf thickness. 


Considering the results of these investigations from an ecological point of 
view, it must be stated that the chlorophyll factor does not have much 
bearing on the photosynthesis in plants with foliage leaves. In most of the 
species the chlorophyll concentration of the fully developed leaves exceeds 
the optimum value for the chlorophyll factor. Only in young leaves and in 
leaves of aurea varieties with chlorophyll concentration lower than this 
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value, can the chlorophyll factor be of importance for the rate of photo- 
synthesis, but even then, only at weak light intensities which are seldom 
found in nature. 
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I. Introduction 


An investigation concerning the requirements of vitamins for the growth 
of certain parasitic and saprophytic fungi was started some years ago. Among 
species tested was Phacidium infestans, causing the widely spread fungus 
disease Phacidium blight (»snéskytte») on pines in Northern Sweden. 

The problem of Phacidium blight was first noticed by Lagerberg (1912) 
in this country and has been the subject of recent papers (i.a. Faull 1930, 
Sjostrôm 1937, Bjorkman 1942, 1948). Previous investigators have given 
attention especially to the practical side of the problem. Bjérkman was the 
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first one to isolate the fungus in pure culture. Thanks to that, more penetrat- 
ing studies were possible with regard to the elucidation of the life-conditions 
which make it possible that steps may be taken for controlling the fungus. 


II. Materials and methods 


In this section the general procedures of handling during the investigation 
are described. Details related to the research conditions are given in the 
tables of each experiment and in respective sections. 


A stock culture of Phacidium infestans Karst was kindly given for my experiments 
by prof. dr E. Björkman, College of Forestry, Stockholm. The culture was a sub- 
culture of »mycelium III», isolated in the spring 1940. Phacidium blight has been 
induced experimentally in vitro and in vivo with this culture (Björkman 1942). 

Agar slants or agar plates made up with 2.5 °/o or 5 °/o »Vitrum» malt extract in 
distilled water were used as solid media by culturing stock cultures in tubes, plate 
cultures for inocula and during certain temperature experiments in Petri dishes. 
The liquid medium used in the experiments was made, unless otherwise stated, by 
dissolving, according to Lindeberg (1944), glucose 20 g, NH,-tartrate 5 g. KH,PO, 
1 g, MgSO,.7 H,O 0.5 g, FeCl,-solution (Fe-conc. 1/500) 0.5 ml, ZnSO,-solution 
(Zn-conc. 1/500) 0.5 ml, MnSO,-solution (Mn-conc. 0.1 mol.) 0.5 ml, CaCl,-solution 
(0.1 mol.) 5 ml to 1000 ml distilled water. Note that MnCl, was exchanged for 
MnSO, . 4 H,O. 

The following synthetic preparations of growth substances were used: thiamin 
chloride (Merck), 2-methyl-4-amino-5-aminomethyl-pyrimidine chloride (Merck), 
4-methyl-5-8-oxyethyl-thiazole (Merck), inositol (Shering-Kahlbaum), biotin methyl 
ester (Prof. Kögl’s laboratory, Utrecht), pyridoxine chloride. 

Yeast extract was prepared by mixing one part bakery yeast in five parts distilled 
water and boiling the mixture for sixty minutes at 100° C in flowing steam. The 
mixture was stored in a freezing room at 2° C. After about 2 days the clear super- 
natant fluid was decanted, centrifuged and again boiled in an autoclave. The amount 
of dry substance of the extract was determined by drying portions of the fluid in 
weighed crucibles for 24 hours at 100—103° C to constant weight. 

Erlenmeyer flasks of » Jena Geräte» glass containing 100 ml were used for growing 
the fungus as surface culture in liquid media. Special attention was given to the 
washing of the glasswares used. Preceeding all experiments with synthetic liquid 
media the glasswares were treated with dichromate sulfuric acid mixture, hydro- 
chloric acid {arsenicfree) and washed with hot tap water and treated with distilled 
water for one day. The culture flasks were also sterilized for one hour at 145° C 
in à hot oven. 

After distribution into culture flasks or tubes the liquid and solid media were 
sterilized in an autoclave for 15 minutes at a pressure of 1 kg per cm”, corresponding 
to a temperature of 120° C. 

The solid and liquid media were inoculated with 4 mm? mycelium bits cut out 
from a plate culture on malt agar. This troublesome procedure has been simplified 
by the construction of a cutting apparatus consisting of a handle, a bow and a 
cylindrical roll with ten circular sharp knives at a distance of 2 mm from each other 
(Fig. 1). The apparatus was sterilized by dipping the roll in 95 0/0 ethyl alcohol and 
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Fig. 1. Cutting apparatus for inocula. 


by immediately thereafter burning off the alcohol. After cooling the roll the myce- 
lium mat was cut aseptically in one direction and then at right angles to this direc- 
tion. The inocula were picked up very easily with an inoculating needle. By means 
of this procedure it was also possible to obtain mycelium bits of about the same 
size, i.e. 4 mm?. 

In liquid media care was taken so that the inocula remained floating on the 
surface of the solution. 

The cultures were incubated in the dark in incubators or refrigerators at constant 
temperatures. 

The growth of the cultures on solid media was determined by measuring the 
radial length of the mycelium in mm. Four radii were measured on each culture. 
The values in the tables are mean values based on the average of these. 

The growth of the cultures in liquid media was determined by harvesting the 
mycelium at the end of the experiment or periodically during the investigation. For 
determination of dry weights the mycelial mats were thoroughly washed in distilled 
water and dried for 18 hours at 100—103° C. During experiments which were going 
on for more than one month sterile distilled water was added to the cultures at 
certain intervals. 

The changes of pH during the experiments were measured electrometrically by 
means of a glass electrode. The initial pH values were determined after sterilization 
of the media concerned. 


III. Results and discussion 


The symbols used in the tables indicate the data as follows: 
t, incubation time of the cultures in days. 


M, mean value, the average radial length of the mycelium in mm or the average 
dry weight of mycelium in mg. 
6, average deviation in mm or mg. The value is calculated according to the formula 
3 2(a—M) 
N 


where N denotes the number of parallels, a the individual values of growth, the 
difference a — M always being counted as positive. 


1. The influence of temperature on the growth rate of the fungus 


In order to ascertain at which temperatures »mycelium III» was able to 
develop, Björkman (1942) carried out some introductory experiments in 
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Table 1. Effect of temperature. on the growth of Phacidium infestans. 2.5 %/ç malt agar 

plates and 100 ml Jena glass flasks containing 25 ml nutrient solution. Synthetic thiamin 

— 50 „g/l — has been added to the liquid medium. Inocula from a 14 days culture grown 

on 2.5 °/o malt agar at 15°C. Initial pH in liquid medium (after autoclaving) 5.54. Growth 
time 24 days. 


To 
Culture media : 
Temp. Final Temp. 
°C Solid medium Liquid medium su | deviation 
M1 8 N M 3 N $ 
1 1 — 6 0.2 _ 6 5.46 +1.0 
—9 1 — 6 0.2 = 6 5.51 + 1.0 
— 6 1 — 6 0.2 — 6 5.51 E98 
5 22.3 1.5 5 8.0 1.8 6 5.09 + 2.0 
10 277 1.4 4 14.7 1.1 6 4.95 702 
15 40.7 1.0 6 30.4 2.5 5 4.78 +02 
20 13.0 2.6 4 7.0 0.5 5 5.14 + 0.6 
27 1 = 6 0.2 = 6 5.54 +15 


cooling down cultures of the fungus at temperatures at and below zero. The 
fungus was cultured on malt agar plates. Björkman found that an incubation 
at —22° C for 30 days did not spoil the cultures in any way. The fungus 
formed at a constant temperature of —5° C a quite ample air mycelium after 
an incubation period of one month. Slight growth occured at 0° C and good 
growth was cbtained at temperatures of 15° and 25° C. 

As stated in the introduction, the original purpose of the present inves- 
tigation was to elucidate the requirements of vitamins of certain saprophytic 
and parasitic fungi. In order to clarify whether the fungus is unable to 
form a certain vitamin, it was decided to determine growth curves in the 
presence of a suboptimum quantity of vitamin during culturing conditions 
otherwise optimal. For this purpose knowledge of the optimum temperatures 
of the tested fungi was necessary. However, difficulties arose when the 
organism was cultured at 24°C whereas good growth occured at 15°C. 
Probably, some differences could exist between strains tested by Björkman 
and the writer.” More detailed studies seemed to be justified concerning the 
influence of temperature on the growth of that strain of Phacidium. 

As appears from Table 1 the fungus shows a marked optimum in growth 
rate at a temperature of 15° C independently of what medium it is cultured 
on. While the increase in growth rate occurs rapidly but continously with 
increasing temperature from 0° to 15°C the decrease in growth rate is 
exceedingly evident at temperatures above 15° C. The growth at a tempera- 


1 Average of four radial measurements on each agar plate. 
2 In a coming paper Bjorkman (1948) shows that these differences obviously are due 
to the fact that older cultures endure higher temperatures less than newly isolated strains 


of Phacidium (private communication). 
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Table 2. Effect of a temperature of 15° C (optimum temperature) on undeveloped cullures 

of Phacidium infestans from — 21°C and +27° C. Plates at the two extreme temperature 

series in Table 1 transferred and incubated at optimum temperature (15° C). Growth time 
21 days. As to further experimental data cf. Table 1. 


Er 


Radial length Radial length of growth in mm 
Numb P 8 g 
En a of growth in Incubated at 15°C in 21 days 
ö mm > 
from ...°C at. aie RE M | 5 | N 
— 21 24 1 27.3 | 3.1 | 5 
+27 24 1 1 = 4 


ture of 20° C is thus already lower than at 5° C. At 27° C no growth occurs. 
This tolerance of temperatures below the growth optimum of a fungus and 
intolerance above it is nothing remarkable in general. However, it is notice- 
able that Phacidium apparently does not endure such a »normal» tempera- 
ture as 27° C. 

It was now of interest to study whether the mycelium had been injured 
or killed at the lowest and the highest temperature tested at which no growth 
occurred. From these two extreme temperatures therefore the plates men- 
tioned were incubated at the optimum temperature of the fungus, i.e. 5° C, 
for 21 days. Table 2 shows that the mycelium bits previously incubated at 
—21° C for 24 days now developed whereas bits placed at +27° C before 
did not endure this temperature, but died. 

A cooling down of the fungus for 24 days at a temperature of —21° C 
(Table 1 and 2) did not spoil the mycelium. This fact was verified by a 
somewhat more penetrating experiment. Two common Hymenomycetes were 
tested in parallel; Collybia velutipes was particulary selected. This species 
develops fruit bodies in winter-time too. In Table 3 the research results are 
given. Unfortunately the experiment had to be ended sooner than was 
calculated. Here only the slight decrease in growth rate of Phacidium is 
indicated after a cooling down for 138 days at a temperature of —21° C. 

An interpolation between the two values below and above zero in Table 1 
will give a growth rate of the fungus at 0° C of about 11 mm in measuring 
the radial length on solid medium after an incubation of 24 days. As 
appears from Table 4 this calculation could be verified. The experiment was 
carried out in a refrigerator. The temperature did not rise above zero at 
any occasion during the experiment. 

Finally an experiment was carried out at a temperature just below zero. 
The experiment illustrated in Table 1 included one series at —6° C. At that 
temperature no growth occured probably due to the fact that the plates 
were frozen. It was plausible to assume that, if a freezing of the plates 
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Table 3. Effect of low temperatures on the growth of Phacidium infestans, Collybia 
velutipes and Cantharellus aurantiacus. A number of 5 ° malt agar plates was in- 
oculated with six bits of mycelium on each plate from a 25 days old culture of Phacidium 
infestans grown on 2.5 °/o malt agar. After three hours in a freezing room at 2° C the 
plates were incubated at — 20°C in a refrigerator. At intervals a plate was taken out 
and thawed at 2° C in the freezing room. Each one of six new-poured 5 °/o malt agar 
plates was inoculated with one of the bits from the frozen plate and incubated at optimum 
temperature. In the same manner Collybia velutipes and Cantharellus aurantiacus were 
tested, the former cultured on Hagem malt agar. 
m mn u ua ne 


Number Radial length in mm Number 

Species of days | Incubated at optimum temp. of days at 

at — 21°C optimum 

M ö N temp. 

Phacidium infestans Karst. ............ 14 16.9 0.7 6 10 
Collybia pelutipes Curt. ernennen «+e 14 34.4 1.7 6 10 
Cantharellus aurantiacus Wulf. ...... 14 1 0 6 10 
Bhinfestansereen ee ee ce aee 28 ol 1.0 6 12 
CARPOLULIPDES ER. RE RD MERE. enger 28 43.1 0.5 5 12 
C. aurantiacus ...... engen 28 1 0 6 12 
PRE TES ANSE. ane ner nes eee 84 22.1 1.6 6 15 
CRTElULIDES NE re LE 84 45.0 0 6 15 
Co CITATION EC EE 84 il 0 6 15 
BRUT CSLOMIS EE on ee case kon 138 16.8 1.8 6 14 
CRUEL LIDES ee 138 (37.0) (3.0) (2) 14 
CA OULANTELACUS EEE fos en cers sates Tree 138 1 0 6 14 


could be avoided, growth might occur on the subcooled plates. It could be 
thought too that the mycelium was injured by cutting out the inoculum 
and thus endured the influence of freezing less than bits consisting of 
hyphae in beginning growth. It was further of interest to test at the same 
time mycelium from optimum temperature and mycelium acclimatized at 
lower temperatures. 

In Table 5 the results are summarized. With few exceptions the plates 
were not frozen during the experiment. Mycelium acclimatized at 0° C grew 
rapidly at —3° C without a previous »healing» of the mycelium bit. Such 
a procedure, however, led to a considerable increase in the growth rate of 
the fungus. Mycelium from the optimum temperature scarcely grew below 
zero. If the inoculum is permitted to »heal» at 15° C a considerable growth 
occurs similar to the growth of acclimatized mycelium without any previous 
treatment. It may be emphasized that no macroscopically measurable growth 
will take place during the treatment of the inoculum. By means of a stereo- 
scopic microscope a slight down of growing hyphae was observed at a 


1 Only two cultures developed 
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Table 4. Growth of Phacidium infestans at 0°C. 5 °/o malt agar plates. Inocula from a 
25 days culture grown on 2.5 °/o malt agar at 15°C. Incubated at 0°C in 24 days. 


Temp. - Radial length in mm Mean 
°C M | 5 | N temperature °C 
+0 | 15.0 | 3.1 | 10 | — 0,8 


magnification of 50 X on the mycelium bits which had been incubated at 
15° C for three days. 

The Habit of the mycelium was remarkable during all these temperature 
experiments. On plates incubated at 15° C the mycelium spread out as a 
thin greyish, slightly downy mat. On plates at temperatures below and 
above the optimum temperature of the fungus a white air mycelium also 
developed. This air mycelium is particulary characteristic for plates in- 
cubated at temperatures below zero. Sometimes plates were found where 
a brush or bush of hyphae grew straight from the inoculum against the 
cover of the Petri dish without any other contact with the agar. It also 
happened that the air mycelium had stuck to the inner side of the cover 
and when this was taken off the mycelium was attached to the cover 
leaving the inoculum itself on the agar plate. The phenomenon was of 
greatest interest and seems to justify mentioning. 


Growth of fungi at and below zero has been reported by several investigators: 
A survey of the literature concerned is given in a recent monograph by Luyet and 
Gehenio (1940). As stated inter alia by Brooks and Cooley (1917) species of the 
genera Penicillium, Alternaria, Botrytis and Trichoderma were able to grow at 
zero. Bidault (1921) observed growth in Penicillium, Cladosporium and Botrytis 
between 0° and —6°C, and in Choetostylum and Hormodendron at — 10° C. 
Brooks and Hansford (1923) found that Cladosporium grows and develops fresh 
spores at about — 7.8° C. According to Horowitz-Wlassowa and Grinberg (1933) 
some fungi of the genera Mucor, Penicillium and Cladosporium can grow and 
multiply at — 3° C. Berry and Magoon (1934) found that 15 different genera of 
some higher fungi grew below zero. According to Smart (1935) a slight growth 
could be observed at a temperature of — 8.9° C in cultures of Penicillium on agar 
plates. 

Karcher (1931) and Lipman (1937), among others, studied the influence of low 
temperatures on fungi. The former showed that mycelia of i.a. Collybia, Clitocybe 
and Armillaria survived a 1- to 8-day action of — 70°C as well as a 13-hour 


exposure to liquid air. The latter confirmed on the whole the observations by 
Karcher. 


Thus, it is nothing remarkable in finding that mycelium of Phacidium 
develops at temperatures at and below zero and endures low temperatures 
for a longer time. 
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Table 5. Effect of temperatures below 0°C on the growth of cultures of Phacidium in- 

festans from 15° C and 0° C. 5 °/o malt agar plates. Inocula from a stock culture at 15° C 

and a 34 days old subculture at 0°C, both grown on 5 °/o malt agar. Four plates from 

each one of the series were immediately after inoculation incubated at — 3° C and four 

plates were left at 15°C resp. 0°C for 3 days and then incubated at — 3°C, Growth 
time 24 days. 


Menu Number of Radial length! Radial length in mm at —3°C venice Temp. 
from °C days@ate.. Mine mm at | 2 rt ‘0° deviation 
Ze incubation M ù N re °C 
0 1 4.3 0.7 3 = 2.1 + 0.4 
15 | 
| 3 1 24.3 3.8 4 
0 1 25.8 3.6 4 
0 — 27 + 0.4 
3 1 32.5 2.0 2 


The infection of Phacidium during winter nas been discussed frequently 
in the literature. Probably, this contribution to the knowledge of the tem- 
perature conditions of Phacidium may be of importance in understanding 
the fungus infection. 


2. The influence of H-ion concentration and temperature on the growth 


rate of the fungus 


As stated long ago fungi in general prefer a slightly acid substratum for good 
growth, and a more pronounced one for wood-attacking fungi. However, as stated 
too, different species demand different hydrogen-ion concentrations of the culture 
medium. The effect of this factor is to a certain degree dependent on the composition 
of the medium concerned and the temperature conditions. 

The culture of fungi at constant hydrogen-ion concentrations meets with diffi- 
culties, while the reaction of the substratum in a greater or less degree is’ changed 
due to the metabolism of the organisms. Several:methods have been used in keeping 
pH constant during the incubation period. A general survey and a review of the 
literature concerning the relations mentioned have recently been given by Linde- 
berg (1944). 


From the very beginning of the investigation it seemed of great importance 
to the writer to study the influence of a range of pH on the growth of the 
fungi concerned in order to determine the pH-optimum of the fungus when 
cultured on a defined synthetic medium. Obvioysly, the reaction of Phaci- 
dium to hydrogen-ion concentrations at different temperatures was of 
interest. 
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Table 6. Effect of pH on the growth of Phacidium infestans at optimum temperature 

(15° C). The culture flasks contained 20 ml solution, 2 portions basic medium and 3 por- 

tions buffer solution. Thiamin was added — 50 ug/l — before autoclaving. Inocula 

from a 16 days culture grown on 5 °/o malt agar at 15° C. Growth time 16 days. The mean 
dry weights are based on 5 parallels. 


| | | 
| Average dry weight in mg | : 
Inital pH Final pH : | Change in pH 
M | è 

en meme Tee me + 

1.97 | 1.97 0.21 0 +0 

2.82 234 0.6 0.1 + 0.02 

3.77 3.77 4.34 0.2 +0 

5.00 4.66 | 5.72 | 0.2 — 0.44 
5.92 | 5.80 | 5.74 | 0.5 — 0.12 

6.95 | 6.90 2.1 0 — 0.05 | 

7.66 | 7.61 0.2 0 | — 0.05 | 


According to Lindeberg (1939, 1944) the adjustment of pH has been effected by 
using the following buffer solutions: 1/15 mol KH,PO,+1/15 mol Na,HPO, or 7/15 
mol KH,PO,+1/10-n HCl. The basic medium (nutrient solution) used was composed 
as follows: glucose 10 g, asparagine 1 g, KH,PO, 0.35 g, K,HPO, 0.15 g, MgSO,.7 
H,O 0.5 g, FeCl, (Fe-conc. '/s00) 0.5 ml, thiamin 50 yg, distilled water 400 ml. The 
culture medium was prepared by mixing 2 volume portions of the basic medium 
with 3 volume portions of the buffer solutions. 


The experiments were carried out during a relatively short incubation 
time in order, if possible, to confine the changes in pH. The results are 
summarized in Table 6 and 7. 

In Table 6 the experimental results of the effect of the H-ion concentration 
on the growth rate of the fungus in liquid medium at optimum temperature 
are given. As is evident from the table, growth occurs within a relatively 
wide range, from pH about 3 to 7. The lower limit of growth lies within 
the pH-range 2.0—2.8. The upper limit lies between pH 6.9—7.7. Obviously 
this limit is more closely related to pH 7.7 than the lower value, in consi- 
deration of the relatively good growth at pH 6.9. The fungus grows best at 
pH 5.9 and practically the same growth is obtained at pH 5.0. The optimum 
pH for the growth of the fungus therefore seems to lie between pH 5.0 and 
5.9. The final pH-value in the series at pH 5.0, however, is decidely lower 
than the initial pH of this series. This fact seems to justify the hypothesis 
that the optimum pH-range of the fungus is wider. On the other hand, the 
change of H-ion concentration in the series at pH 5.9 is very slight. Due to 
this fact it seems reasonable to assume that the real pH-optimum of Phaci- 


dium at 15° C Hes between pH 5—6 and probably closer to the upper than 
the lower value. 
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Table 7. Effect of pH and temperature on the growth of Phacidium infestans. Inocula 
from a 16 days culture on 5 °/o malt agar. The mean dry weights are based on 5 parallels. 
As to further experimental details see Table 6 and the text. Growth time 22 days. 
——_— eee 


DcEmipierr altou rie 
Initial 
pH 52 10° 15% 20° 
M à pH M (] pH M à pH M ù pH 
2.16 0.2 0 2.14 0.2 | 0 2.14 0.2 | 0 2.11 0.2 0 2.11 
3.01 1.3 0.2 3.04 12270.2 3.03 0.9 | 0.2 3.03 1.0 0 3.03 
4.05 3.7 1.5 4.10 | 12.8 | 2.7 4.08 | 21.51) 1.1 4.02 5.11) 0.2 4.06 
5.19 3.4 0.1 4.99 | 14.8 | 3.3 4.66 | 22.3 | 1.5 4.41 6.0 | 0.8 4.94 
6.00 2.4 0.3 5.91 | 14.01] 0.8 512812939125 5.37 | 14.12) 3.8 5.85 
7.06 0.3 0 7.06 0.6 | 0 7.05 0.6 | 0 7.03 0.3 0 7.04 


During the experiment a lowering of pH has, in general, taken place. 
This, however has not been considerable. The production of acid is very 
interesting from the viewpoint of the preceeding discussion. Normally, the 
greatest pH-changes are found in cultures with the greatest dry weights 
obtained. If the production of acid is due to a capacity of the fungus to 
change the pH in a direction more favourable for growth, nothing seems to 
be concluded as-to where the real pH-optimum is to be found. As stated 
above, however, that does not seem to be the case to any high degree. 
(Cf. Robak, 1933.) 

Table 7 shows the experimental results of the effect on the growth of 
Phacidium cultured at different pH and temperatures. The Table shows that 
in -all respects the growth range is the same as stated above. Growth occurs 
between pH 3—7 at all temperatures tested. The lower and upper limits for 
growth correspond with the relations found previously. However, interesting 
differences appear due to the optimum pH-range, and this fact will be 
analysed a little more according to the preceeding discussion. At a tempera- 
ture of 5° C cultures giving best growth tend to approximate a pH about 4. 
At 10° C a change of the pH-optimum takes place towards the neutral point, 
and that is more accentuated in the series at 15° C. Cultures incubated at 
20° C show an evidently marked optimum at pH 6. Even if it is really 
possible to speak abouf a pronounced optimum in the two later cases — at 
15° C about pH 5.5 — that is scarcely the fact at temperatures of 5° and 
10° C. Probably, it seems to be more fitting to characterize these as ranges. 
These ranges do not agree with one another at all but the change is fully 
evident. Thus, if the optimum range at 5° C is more closely related to pH 
4 than 5, it approximates pH 5 at 10° C. 


1 4 parallels. ? 3 parallels. 


48 STIG O. PEHRSON 


Thus, even if both the initial and final pH are under consideration an 
evident lowering of the pH-optimum takes place with falling temperature. 

Wolpert (1924) in discussing his results states that »a temperature too 
high or too low for maximum growth tends to affect the physiological 
balance of the fungus, resulting, no doubt, in a narrower optimum range or 
a range shifted a little toward either neutrality or greater acidity» (p. 88). 

Obviously, there are arguments for such a statement in consideration of 
the experimental results presented by Wolpert. However, the results are 
not interpretable in one direction. It may be questioned also, as observed by 
Robak, whether or not the final pH-values may be taken into greater con- 
sideration, particulary as in this case when the differences between the initial 
and final pH are considerable. 

Probably such a marked tendency towards increased acidity in the pH- 
optimum with falling temperature has not been observed previously. 


3. The influence of growth factors, especially thiamin on the growth of 
the fungus 


Since the days of Wildiers the demand of growth substances for the development 
of microorganisms in a synthetic nutrient solution has been the object of more and 
more intensive studies. Surveys. of the extensive literature concerning these problems 
are inter alia given in papers by Fries (1938), Schopfer (1939, 1943) and Linde- 
berg (1944). Despite the numerous investigations during the last few decades little 
knowledge is available due to the effect of growth substances on the growth of 
parasitic Ascomycetes. As is previously pointed out by Fries (1942) the few, more 
or less marked parasitic Ascomycetes which have hitherto been examined as to the 
vitamin demand, prove to represent rather different types. Thus e.g. Fusarium 
conglutinans var. callistephi (Fries 1938) is auxo-heterotrophic, Nectria coccinea, 
Sclerotinia cinerea (Fries l.c.) and Sphaerulina trifolii (Robbins & Kavanagh 1938) 
comparatively thiamin-heterotrophic, Hypoxylon pruinatum, Valsa pini and Melan- 
conium betulinum (Fries 1938) thiamin-biotin-heterotrophic, Nematospora gossypii 
(Kögl & Fries 1937) biotin and inositol-heterotrophic. Further Fries (1942) has 
showed that Ophiostoma ulmi is pyridoxine-heterotrophic. 


With knowledge of temperature and pH optimum for the growth of this 
strain of Phacidium in liquid medium as a background, experiments were 
carried out concerning the requirement of growth substances for the develop- 
ment of the fungus in a chemical defined synthetic medium (cf. p. 39). When 
studying the literature concerning the vitamin requirement of the micro- 
organisms it may seem as if thiamin plays a more important role than the 
other vitamins, but probably this is largely due to the fact that this vitamin 
has been studied more than others. With regard to this and to what has 
been mentioned above one may test the effect of a few more growth sub- 
stances in preliminary experiments. 
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Table 8. Effect of yeast extract and some synthetic growth factors on the growth of 
Phacidium infestans. 100 ml Jena glass flasks containing 25 ml nutrient solution. Growth 
factors added before autoclaving. Inocula from a 10 days culture grown on 5 °/o malt 
agar at 15°C. Initial pH (after autoclaving) 5.2. Incubated at 15° C. Growth time 34 days. 


Added per flask M 6 N Final pH 
| 
OMG ONTO RER NE ER. 8.0 1.8 6 4.8 
10 mg yeast extract ............ ......…. 90.4 | 3.3 5 4.4 
TMS RERIAHLIN ES... is eee 7841 3.1 5 4.5 
MAME VELA OXINES an. eu 6.8 1.9 6 4.8 
NERINSRINOSILOLS BR tho.) ne ee 8.0 151 6 4.8 
OO 2 IO CID Eee ne: fel 2.4 6 4.8 
1 pg thiamin +1 mg inositol ...... 89.5 Pf 6 4.4 
‚ 1 pg thiamin + 0.01 pg biotin...... 77.8 3.0 6 4.5 
' 0.01 gg biotin +1 mg inositol...... 6.6 ileal 6 4.8 
1 pg thiamin + 0.01 pg biotin + 
= See SIN OSITO ee ere 88.9 3.2 6 4.4 
1 pg thiamin + 1 pg pyridoxine + 
+ 0.01 pg biotin +1 mg inositol 91.1 25 5 4.4 


In Table 8 the results of an experiment are given concerning the influence 
of yeast extract and some synthetic growth factors on the growth rate of 
Phacidium. Addition of yeast extract causes good growth of the fungus. 
Corresponding yields are not gained if the yeast extract is replaced by 
thiamin. Besides thiamin the yeast extract seems to contain other organic 
and inorganic compounds which favourably stimulate the development of 
the fungus. Just as high dry weights are gained if thiamin, biotin, inositol 
and pyridoxine are added at the same time. Among these substances the 
accelerating factor is evidently to be sought. The combination thiamin and 
inositol also shows a growth quite comparable with that gained in the 
yeast extract series. If the nutrient solution only contains inositol it can not, 
however, be assimilated by the fungus, but the growth corresponds to the 
control series. Addition of biotin and pyridoxine oniy, or in combination 
with each other, or with thiamin or inositol, has no effect on the growth 
of the fungus. The question of the accelerating effect of inositol in com- 
bination with thiamin has not been subject to closer investigations. 

Numerous investigations of the influence of the two thiamin components 
pyrimidine and thiazole on the growth of higher and lower plants have been 
carried out. Certain organisms which seem to require addition of thiamin 
for their growth, in reality prove to utilize only one of the two components. 
But one seems to be entitled to assume that all organisms that seem to 
require only one component, form the other gomponent. (Cf. ia. Linde: 
berg, 1944). 

In order to examine whether the two thiamin components together or 
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Table 9. Effect of thiamin and its components on the growth of Phacidium infestans. 
Pyrimidine and thiazole added before, thiamin (in solution used immediately after ascep- 
tical preparation) after autoclaving. Inocula from a 20 days culture grown on 2.5 %/o malt 
agar at 15° C. Initial pH (after autoclaving) 5.62. Incubated at 15° C. Growth time 21 days. 


Added per flask M à N Final pH 
OICONHLOM PE nee on pre 0.8 01 8 5.42 
O26 SapyEiImM GIN Er 17.9 0.8 7 4.98 
O4255Weethiazolem..----- er: BEE RR EELLEHERE 0.9 0.2 8 5.43 
0.626 ug pyrimidine + 0.425 pg thiazole 28.2 2.3 a 4.85 
PAPA CRT AMIS er eee ecient. 24.2 1.8 6 4.88 


each alone might replace thiamin on growing Phacidium an experiment was 
carried out. 

The results of this experiment are collected in Table 9. While pyrimidine 
has an important effect, addition of thiazole seems to have no effect on the 
growth of the fungus. On adding pyrimidine only, the fungus grows much 
slower than with pyrimidine+thiazole or with thiamin. The two thiamin 
components together cause a somewhat more rapid growth than addition 
of the whole thiamin molecule. According to Schopfer (1937) Phacidium 
most likely acts like Absidia racemosa and Parasitella simplex which he has 
examined. One must assume that fungi of this type have a certain capacity 
of forming thiazole while they are not able to synthesize pyrimidine. If the 
last component is added in excess the growth rate will be dependent on the 
capacity of synthesizing thiazole. This remarkable circumstance as against 
thiamin and its components has been observed previously by several in- 
vestigators (Schopfer & Blumer 1940, Melin & Norkrans 1942 and Linde- 
berg 1944). Until further investigations have been made this problem will 
remain unsolved even if probable explanations to this phenomenon have 
been given. (Cf. Lindeberg 1944.) 

The growth in the control series in Table 8 is too high to indicate that an 
absolute thiamin heterotrophism is met with. In order to avoid, as much as 
possible, adding thiamin to the cultures with the inoculum — the fungus 
was cultured on 2.5 or 5 °/o malt agar — on inoculation of the flasks an 
experiment was carried out to culture Phacidium on »synthetic» agar, i.e. 
carefully washed agar+synthetic nutrient solution. (Cf. Lindeberg 1944, p. 
63). As is seen from Table 10 the growth occurs very slowly on synthetic 
agar. Of greater importance, however, is the fact that the mycelium mat 
formed is partly disconnected and very thin, so that similar inocula may 
not be cut out. Thus this method could not be used. In continued experi- 


ments mentioned below the inocula have been cut out from cultures on 
2.5 or 5 °/o malt agar. 
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Table 10. The growth rate of Phacidium infestans on different agar substrates. Inocula 
from a 15 days culture grown on 5 °/o malt agar at 15°C. Incubated at 15° C. Growth 
time 26 days. 


Substrate | M à N 


Washed agar + synthetic 


nutrient solution .......... 20.1 Leet 
2.5 0 malt agar ......... 75.4 11 4 
leowfOumalt agare ae 83.8 1.8 5 


In order to investigate the effect of thiamin on the growth of the fungus 
more exactly and to see if thiamin acts as a growth-limiting factor some 
more experiments have been carried out. 

The method worked out by Fries (1938) and later modified by Lindeberg 
(Lc.) was used. Thiamin was added in optimal and suboptimal doses while 
other factors — as much as possible — were kept optimal. In Table 11 the 
results of an experiment with the effect of 1 and 0.01 yg thiamin on the 
growth of Phacidium are collected. At an optimum addition of thiamin the 
growth curve increases comparatively rapidly to an optimum. After this © 
the growth decreases, i.e. an autolysis takes place, quite certainly caused by 
lack of sugar. It is remarkable that the growth in the series where thiamin 
has been added in a suboptimal quantity does not cease as might be expected. 
In the control series there is also some growth. But this is not at all of the 
same size 4s in the preliminary experiment mentioned before, even if the 
time that the experiment lasted is much longer in this last experiment. This 
constant growth when adding 0.01 ug thiamin may possibly be explained thus: 
Either the dose of thiamin is not suboptimal, i.e. it does not act as a growth- 
limiting factor, or the fungus is really able to grow without addition of 
this vitamin, i.e. a thiamin-autotrophism is met with. In order to elucidate 
this fact closer, still another experiment was carried out, arranged so that 
growth curves could be obtained at very small quantities of thiamin. The 
experimental results are given in Table 12 and are probably seen best from 
Fig. 2. 

As is previously pointed out (cf. Table 8) the fungus forms a certain 
— although slight — amount of mycelium without adding thiamin in the 
control series. Sometimes completely heterotrophic organisms are also able 
to develop slightly on a vitamin-free medium at the expense of a reserve of 
growth factors, carried by the inoculum from the preceeding culture. The 
growth curve, however, has another course in such a case. The growth 
increases rather rapidly to a certain point and then stops and decreases. The 
added amount of Vitamin acts quantitively. When the fungus. has used up 
all its reserves it dies. because it completely lacks the capacity for synthesis. 


52 STIG O. PEHRSON 


Table 11. Effect of synthetic thiamin on the growth of Phacidium infestans. 100 ml Jena 

glass flasks containing 25 ml nutrient solution. Inocula from a 16 days culture grown on 

2.5 %/o malt agar at 15°C. Thiamin added before autoclaving. Initial pH (after autoclaving) 
5.5. Incubated at 15°C. The mean dry weights are based on 6 parallels. 


Thiamin (per flask) 
Control 
t 0.01 pg 1 pg 
M à pH M 0) pH Mew 2 pH 
10 0.9 0.3 5.4 1.2 0.6 5.4 1.6 0.6 5.4 
20 1.2 0.1 5.36 9.5 1.4 5.07 12.1 17 5.05 
30 1.3 0.4 5.24 12.5 1.3 4.84 41.3 LEA TA 
40 1.3 0.3 5.20 14.9 0.7 4.64 99.11 2.8 4.38 
50 1.1 0.4 5.16 19.9 0.6 4.44 165.5 6.4 4.04 
70 1.4 0.4 N) 32.0 2.2 4.40 175.6 5.5 3-95 
90 3.2 0.9 4.97 39.4 2.0 4.22 163.7 11.2 4.01 
124 2.3 1.0 5.01 58.22 5.4 3.88 137.6 9.6 4.15 
153 3.3 1.0 4.81 70.11 4.5 3.71 108.6 10.3 4.29 


As is seen from the diagram there is a constant increase of growth in the 
control series. When adding thiamin the fungus is able to assimilate the 
nutrient solution all the better with increasing addition of thiamin. All these 
growth curves show the same tendency of constant growth when adding 
very small quantities of thiamin. 

Complicated conditions as to the effect of vitamins upon the growth of 
fungi have been previously described. Fries (1938) found that the growth 
of Daedalea unicola cultured in synthetic nutrient solution with an addition 
of 0.01 ug thiamin ceased after a certain amount of mycelium had been 
formed. After some time the growth continued again with greater rapidity. 
Lindeberg (1944) showed that Marasmius peronatus, M. fulvobulbillosus, 
M. graminum, and M. ramealis acted about the same way. As a conceivable 
explanation of this phenomenon Fries states that the fungus has a small, 
on a vitamin-free substratum, insufficient capacity to form thiamin, and 
that the thiamin formed diffuses into the nutrient solution. Through this 
the thiamin concentration in the cells does not reach the necessary level for 
continued growth. If, however, the medium in which the fungus is cultured, 
already from the beginning, has a certain minimum concentration the fungus 
is able to grow without addition of growth substances. Lindeberg (1944) 
believes that a physiological change takes place which causes the fungus 
itself to form the necessary thiamin for growth. 

The growth curves of Phacidium do not show any evident ceasing fol- 
lowed by continued growth. Sterile, distilled water was added to the cultures 
in this case after 80 days. At least in the series where the addition of thiamin 


1 5 parallels. ? 4 parallels. 
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Table 12. Effect of very small amounts of thiamin on the growth of Phacidium infestans. 
The culture flasks contain 25 ml nutrient solution. Thiamin added befure autoclaving. 
Inocula from a 20 days culture grown on 5 °/ malt agar at 15°C. Initial pH (after 


autoclaving) 5.5. Incubated at 15°C. The mean dry weights are based on 5 parallels. 
T— ss  — — ———_—_—_—_——————— ] —— 
Thiamin (per flask) | 


t 0 Control 0.0005 pg 0.001 pg 0.005 ng | on | 
Malone anime don ler sel pets 
ep Maid al LEE 8e pH 

20 | 1.3 | 0.2 |5.90| 2.7 | 0.6 |4.87| 4.5] 0.1 |476| 95| 1.9 rs 11.9 | 0.9 | 4.69 
40 | 1.5 | 0.2 |5.07| 3.9 | 0.5 |4.79| 84| 0.6 |460| 220 | 35 |436| 319 | 22 [432 
60 | 2.4 | 0.3 [4.95] 4.7 | 0.8 [473] 98| 1.3 |4.44| 303 | 15 |413| 41.5) 21 |411 
80 | 2.2 | 0.6 14.97| 5.9 | 0.6 |4.65 | 116 | 24 |430 | 328 | 08 |402 | 48.7) 13 | 3.80 
100 | 3.1 | 0.5 |4.82| 6.6 | 1.4 |4.59| 17.9) 2.8 | 4.04 | 47:7| 1.4 |3.69 | 634) 49 | 3.61 
120 | 41 | 0.2 |as2| 6.0 | 1.3 |4.50| 20.8| 2.9 | 3.87| 53.0| 21 |3.50| 77.9| 19 | 3.39 


is 0.005 ug the growth curve shows an evident decrease of the mycelial dry 
weights after 60 days. But after this watering the growth increases again. 
It is conceivable that this phenomenon may be explained either by the 
possibility that more or less toxic metabolic products accumulate in the 
solution and stop the growth, or that the capacity for synthesizing thiamin 
is smaller at an increased concentration of salt in the medium. (Cf. Robbins 
& Kavanagh 1938). Of course the water itself can not promote the growth 
but perhaps the addition of water removes the effect of these retarding 
factors. 

Among the species of the genus Marasmius examined by Lindeberg 
M. alliaceus held a special position. When thiamin was present in a sub- 
optimal quantity the fungus kept growing constantly. In the control series 
rather large quantities of mycelium was formed. Concerning the thiamin 
requirement certain similarities seem to exist between Phacidium and 
M. alliaceus. 

Robbins & Kavanagh (1938) showed that Pythium Butleri requires pyri- 
midine as growth factor under certain cultural conditions. But if, however, 
the concentration of the mineral salts in the solution is decreased the fungus 
may be »trained» to grow without addition of pyrimidine. By experiments 
with Rhodotorula rubra carried out by A. Lwoff the fact has also been 
demonstrated that a reduced capacity for synthesis is turned into an increased 
capacity for assimilation of a vitamin-free substratum by a long »training» 
(Schopfer 1943, p. 199). Furthermore, Lindeberg (1944) showed that Maras- 
mius perforans displays an ability to adapt itself lo certain synthetic 
thiamin-containing media. The capacity of the fungus for synthesis of some 
non-identified growth substances seems to increase when it is cullivated on 
a synthetic medium for a long period. Of special interest was the fact that 
addition of manganese almost completely eliminated a delay of the growth. 


54 STIG O. PEHRSON 


© 
© 


fon) 
9 


Mean dry weight of mycelium in mg 
+ 
9 9 


20 40 60 80 700 720 
Incubation time in days 


Fig. 2. Increase in dry weight of mycelium as a function of time in presence of 0, 0.0005, 
0.001, 0.005 and 0.01 yg thiamin in cultures of Phacidium infestans grown at 15°C on 
25 ml nutrient solution. (Cf. Table 12.) 


Added per flask: —0— : 0 Control 
—e— : 0.0005 ug thiamin 
SC : 0.001 ug » 
— oa : 0.005 ug » 
—e— : 0.01 ug > 


Summarily the author would like to emphasize that undoubtedly all 
variations exist between auxo-autotrophic orgänisms on one hand, and auxo- 
heterotrophic on the other where the loss in capacity for synthesis is 
genotypically determined. While the genotypically determined auxo-hetero- 
trophism is irreversible the much reduced capacity of forming vitamin among 
the auxo-autotrophic organisms may be increased by »training» (adaptation), 
or by changing the physico-chemical origin in the cultural medium. Under 
such circumstances the results of an investigation are valid only under the 
existing cultural conditions. 

Apparently the capacity of Phacidium for synthesizing thiamin has under- 
gone a very marked reduction, but the fungus should be characterized as 
thiamin-autotrophic since the capacity for synthesis still seems to be gene- 
tically present. It is probable that there is a relation between this reduction 
and the parasitism. But that is not to say that it is the need of thiamin that 
brought on a parasitism. The case is rather that the capacity for synthesizing 
thiamin was reduced because it became useless in the new habitat. 


GROWTH PHYSIOLOGY OF PHACIDIUM INFESTANS KARST. 55 


IV. Summary 


This paper deals with the influence of temperature, H-ion concentration 
and certain growth factors, in particular, thiamin on the growth of a pure 
culture of Phacidium infestans Karst. 

The fungus shows a marked optimum in growth rate at a temperature 
of 15° C. No growth occurs at 27° C. Cultures incubated at 27° C for 24 days 
do not develop at the optimum temperature of the fungus. Phacidium grows 
at 0° C and at —3° C. An acclimatization of a culture at 0° C promotes vivid 
growth just below zero. The fungus endures a cooling down at a temperature 
of about —20° C for prolonged time. 

The pH-optimum of Phacidium at 15° C lies about pH 5.5. A marked 
tendency towards increased acidity in the pH-optimum with falling tem- 
perature has been observed. Thus the pH-optimum at 5° C approximates 
4.5, at 10° pH 5.0, at 15° pH 5.5 and finally at 20° pH about 6. 

The fungus is thiamin-autotrophic, but the capacity for synthesis is very 
markedly reduced. It is probable that there is a relation between this reduc- 
tion and the parasitism. The growth-stimulating effect of yeast extract can 
only be replaced by the effect of thiamin-+ inositol if the fungus is grown on 
a synthetic medium. The fungus grows better in the presence of pyrimidine+ 
thiazole than in thiamin or pyrimidine. 
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The common osmotic conceptions 


It is obvious that some confusion prevails in the interpretation of the 
osmotic properties and conditions of cells. Ursprung’s (10) formula 
Sz=Si—W has apparently created mistakes owing to the difficulty of 
keeping the two suction forces apart; Si denoting the suction (osmotic value) 
of the cell sap, and Sz that of the entire cell, when Si is diminished by the 
wall pressure (W). Hôfler’s (3) substitution of »osmotic value» (O) for Si 
has generally not been accepted by English and American investigators, 
who adhere to the designation »osmotic pressure» for O and Si although it 
does not denote any pressure existing in the cell (exception: Beck 1). Hôf- 
ler’s diagram and the similar one by Thoday (9) have been accepted, how- 
ever, although Tamiya (8) has shown theoretically and verified by examples 
that the wall pressure does not increase in proportion to the increase in the 
cell volume. This correction is of importance especially if we want to extend 
the curves below the point of incipient plasmolysis (cf. fig. 1). 

Hôfler’s diagram — in the modified form — correctly describes the 
osmotic conditions of one cell at equilibrium with a series of external solu- 
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Fig. 1. The osmotic diagrams of Höfler and 
Tamiya, showing the osmotic conditions of a 
single cell at equilibrium with different exter- 
nal media. O——-O osmotic value of the cell 
sap, Tı turgor and wall pressures according 


to Höfler, Ta the same according to Tamiya 
1 Volume 1% 


tions, the concentrations of which vary from zero (water saturation of the 
cell) to plasmolysis. The scheme has been generelly applied, however, also 
to visualize the changes in the osmotic conditions of a cell during its absorp- 
tion of water or its plasmolysis — that is to say, when it is not at equilibrium 
with the external medium, — but then the scheme fails, as will be shown 
below. — Since a cell in the process of absorbing water or growing — in 
both cases not at equilibrium — is of no less interest than when at equi- 
librium, it is necessary to evaluate a formula applicable also to such cases. 

The usual description, with reference to Höfler’s diagram, reads that if 
a water-saturated cell is placed in a plasmolyzing solution it looses water, 
the volume decreases, the »osmotic pressure» (=O=Si) increases, and the 
numeric values of wall pressure (W) together with the turgor pressure (T) 
decrease, until at incipient plasmolysis both W and T are zero. This descrip- 
tion, or the reverse reaction from plasmolysis to water-saturation, is found 
in every text-book. 

The conception of turgor pressure (T) is also involved in this picture. 
Turgor was defined by Ursprung: »Da ferner nach dem alten Newtonschen 
Gesetz jeder Aktion eine gleiche Reaktion entspricht, muss eine isolierte 
Zelle im Gleichgewichtszustand neben dem Wanddruck einen gleich grossen 
aber entgegengesetzt gerichteten Innendruck, den Turgordruck, besitzen». 
In American literature e.g. Meyer (4) defines: »The actual pressure developed 
as a result of osmosis will be designated in this discussion as the turgor 
pressure». All agree on the point that T equals W, though they have opposite 
signs, even if the cells are not at equilibrium. T and W are two pressures, 
inversely directed and counter-balancing each other. The general concept 
is that turgor is the pressure acting from inside the cell on the cell wall. 
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However, this is no explanation of the property. In the present paper an 
attempt is made to find the physical basis of the turgor pressure. 

The writer has emphasized earlier (2) that if a cell is absorbing water and 
increases its volume, the turgor pressure must exceed the wall pressure: 
T>W. The usual formula O=S+W was divided in two: O=E+T and 
O=S+W. T, O and W have the same meaning as above. S denotes the 
suction of the cell (Sz) and E the suction (osmotic value, »osmotic pressure») 
of the external solution from which the cell is taking up water. (E is here 
substituted for A in the German original). The first formula implies that the 
turgor pressure equals the difference in osmotic values of cell sap and 
external solution, the second is identical with Ursprung’s formula. These 
two formulas are independent of each other. If the cell is not at equilibrium, 
S2E and TZW. It also follows that under all circumstances T-W=S-E. 
That means that if a cell is absorbing water owing to a difference in suction 
(S—E) there must also exist an excess of turgor pressure over the wall 
pressure (T—W). T equals W only if the cell is at equilibrium with the 
external solution. — In the following the validity of the formula O=E+T 
will be tested and its physical meaning evaluated. 

Sakamura (5) has earlier stressed that T may exceed W and called the 
excess »ein arbeitsleistender osmotischer Druck». Schoch-Bodmer (6) agrees 
with the writer in so far as T and W being unequal in an expanding cell, 
but adheres to Sakamura’s opinion that the turgor should be divided into 
two parts, one counter-balanced by the wall pressure, and another per- 
forming work. This interpretation is scarcely justified without further 
knowledge of the nature of the turgor pressure. Schoch-Bodmer and Huber 
(7) have also pointed out that we do not know any way of determining 
the excess of T. Nevertheless, they cannot accept the writer’s deduction 
T—W=S-—E, which implies that in a given case it is immaterial if we 
ascribe an increase in volume to an excess of turgor trying to expand the 
cell or an excess of suction of the cell. All depends upon the validity of the 
formula OF E+T. 

For the osmotic conditions it is further immaterial if the cell expands 
»elastically» or »plastically», this only affects the nature of W but not T. -- 
Tamiya has also defined T as (O--E) but without discussing the conditions 
at non-equilibrium of cells. 


Deduction of the turgor pressure 


The first question which arises is: What pressures do occur in the living 
cell? The following discussion only refers to an isolated »ideal» cell. It is 
customary to describe the osmoli¢ forces in the cell in terms of hydrostatic 
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pressures; schematically this may be justified, but, since no real hydrostatic 
pressures of the same kind as in an osmometer exist in the cell, this may 
lead to misinterpretations, and it is necessary to find the really existing 
pressures. One is evident: the mechanical tensions of the cell wall, causing 
the wall pressure, but it must be stressed that this is no osmotic pressure. 
The mere presence of solutes does not cause any pressure in the cell, as 
little as in a solution poured into a flask. The only physical process known 
to take place in the cell is a diffusion of water, or a tendency of water to 
diffuse. This also forms the starting point of Meyer’s interpretation of the 
osmotic conditions in terms of diffusions pressures (D.P.). Meyer has sub- 
stituted diffusion pressure deficit (D.P.D.) for osmotic value or suction of 
a solution. D.P.D. is the decrease in diffusion pressure below the value of 
pure water caused by dissolved substances. D.P. may appear as a real 
pressure, and D.P.D. is a difference between pressures. 

Now let us consider the following example. A sugar solution is placed 
in the bottom of a test tube and above this a layer of pure water, and we 
assume that they do not mix. The sugar molecules diffuse into the water 
owing to their D.P., and the water diffuses into the solution owing to the 
higher D.P. of pure water than of the water in the sugar solution, i.e. owing 
to the D.P.D. of the water in the solution. If we place between the layers 
a wholly semipermeable membrane, moving tightly in the tube as a piston, 
only water diffuses through the membrane, owing to the same D.P.D. as 
before. The volume of the sugar solution increases, the membrane is thus 
forced upwards by a pressure acting from below. This pressure can be 
computed and equals the D.P.D. That this holds true appears from the 
known fact that we can determine the osmotic pressure in an osmometer 
by applying a mechanical counter-pressure to the cell; if this just prevents 
osmosis it equals the theoretical osmotic pressure of the solution or the 
D.P.D. If now the same membrane is fastened to the walls of the tube, 
osmosis is likewise prevented, the pressure is still at work, however, and 
the solution exerts a pressure on the membrane equalling the D.P.D. This 
pressure of the solution on the membrane is assumed to be identical with 
the turgor pressure of a living cell. If we let the sugar solution represent 
the cell sap and the water the external solution, we obtain the formula 
T=O-E or O=E+T. 

It is important to note that this turgor pressure is not caused by a net 
diffusion of water, nor by an increase in volume and a hydrostatic pressure 
as in an osmometer, but only by the diffusion pressure of the water mole- 
cules. We may assume that these try to penetrate the membrane and enter 
into the sugar solution thus causing a pressure directed, with respect to 
water, from the more diluted towards the more concentrated side. That 
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Fig. 2. Proposed osmotic diagram showing 
the osmotic conditions of one cell at equi- 
librium or non-equilibrium with one ex- 
ternal medium. O——O osmotic value of the 
cell sap, T---T turgor pressure, W W 
wall pressure, E osmotic value of the exter- 
nal medium, S suction of the entire cell. 
I=ineipient plasmolysis, II=the cell ab- 
sorbing water, III=equilibrium with the 
medium E. 


means that the pressure acts in the opposite direction to the incipient dif- 
fusion. This clearly establishes that the turgor pressure can not be compared 
with a gas pressure, in which case the pressure is caused by the impacting 
on the membrane of the molecules from the more concentrated side towards 
the more diluted. 

In an ideal cell there is apparently no other osmotically caused pressure 
at work. The answer to the given question then is: In the cell we have only 
two actual pressures, the turgor pressure, equalling the difference in D.P. of 
the water on both sides of the membrane, and the wall pressure, caused by 
the tension of the membrane. These two pressures are of fundamentally 
different physical origin, and each may attain any value independent of 
the other. 

The proposed formula for the turgor pressure O=E-+T has thus been 
proved to be physically sound and should be generally valid for cells both 
at equilibrium and not. The formula should correctly be deduced as follows 
if the D.P. of pure water is called A: T= (A—E) -- (A--O) =O—E. (A—E) 
is the D.P. of the external solution, and (A—O) denotes that of the cell sap. 

This can be illustrated graphically by fig. 2. E has here been subtracted 
from O, giving the curve T - - - T; the distance between the abscissa and this 
curve shows the turgor pressure. Where this curve intersects the curve 
showing the wall pressure (W), the cell is at equilibrium with an external 
solution of the D.P.D.=E (point III). In II on the graph the cell is taking 
up water: T>W and S>E, further to the right of III it is loosing water 
because T<W and S<E. It also appears that at every point T-W=S--E. 
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Discussion of the formula O=E-+T 


The graph further shows the surprising fact that T increases as the cell 
looses water, quite contrary to what is generally assumed. This circumstance 
must be further scrutinized. A general consideration reveals the following 
points of view. — The turgor pressure must be caused by the osmotic 
properties; if the cell looses water all osmotic values and concentration 
differences increase. It is thus difficult to assume that one property, the 
unknown turgor pressure, should decrease. — If the turgor pressure is the 
pressure acting from inside on the cell wall, it may also be regarded as 
the expanding power of the cell content. It is easily ünderstood, that this 
pressure must attain its highest value if a plasmolyzed cell is placed in water 
and decrease as the cell is saturated by water. The formula deduced above 
also shows this to hold true. -— The general assumption that the turgor 
pressure of a cell decreases as the osmotic value increases is surely erroneous, 
if some physical meaning is to be applied to the turgor pressure at all. 

It is then necessary to find the cause of the present erroneous picture of 
the turgor pressure. 

1. In accordance with Ursprung T is defined as — W; T then lacks 
physical meaning if the cell is not at equilibrium. If we apply the concep- 
tions action-reaction to an expanding cell, the primary action is the osmo- 
tically caused turgor pressure, the reaction is the mechanical forces promoted 
in the wall. The general description reads that the tension of the wall is 
the action causing a hydrostatic reaction in the cell. 

2. T has been compared with the actual pressures in an osmometer, which 
are hydrostatic pressures. However, T is not hydrostatic in the usual sense, 
it is caused by a D.P.D. even if no net diffusion takes place. The height of 
the water column in an osmometer at any moment shows the amount of 
work that has been performed by the cell, not the force, with which the cell 
is expanded. This latter decreases with increasing intake of water, as does 
the turgor of a living cell. In the osmometer the turgor pressure is converted 
into a hydrostatic pressure, in the living cell it is not. 

3. The previously mentioned case of a turgid cell placed in a plasmolyzing 
solution has been considered; at incipient plasmolysis T equals zero and 
has decreased from the initially high value. It is then neglected that as soon 
as the turgid cell is placed in a hypertonic solution its turgor shifts from 
a high positive to a negative value, because now the external D.P.D. is 
higher than that of the cell sap. T then rises to zero at plasmolysis. This 
is clearly shown by the graph, if the curve T---T is drawn through the 
origin, that is to say the external solution is given a D.P.D. equalling that 
of the cell sap at incipient plasmolysis, (E=O). — A turgor pressure can 
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only appear if two solutions are separated by a semipermeable membrane, 
thus we can not compute nor speak of the turgidity of a cell without 
considering the external D.P.D., or we make the same error as when we 
speak of the osmotic pressure of a solution in a flask. The turgor pressure 
of a cell instantaneously changes if the cell is shifted from one medium to 
another. 

It is obvious from the deduction and the discussion of the model that 
turgor in this sense is of the same nature as Ursprung’s suction force 
(Saugkraft) and Meyer’s D.P.D., with one important exception. Saugkraft 
and D.P.D. are properties inherent in the cell, ihe given concept of turgor 
denotes the same property, but relative to the surrounding medium, and then 
it expresses a pressure realized in the cell not only a theoretical figure. 

This deduction of turgor pressure is correct if we accept the point-of-view 
of diffusion pressures, it can be applied to cells under all circumstances, and, 
in the case of an »ideal» cell, exactly shows the pressure actually exerted 
from within the cell on the cell wall. 

Thus it seems to be relevant to apply the term pressure only to those two 
actually existing pressures in the cell, viz. turgor pressure and wall pressure, 
and chose the following symbols for the pressures and the osmotic con- 
ditions. 

T=turgor pressure, 

W=wall pressure, 

O=osmotic value or D.P.D. of the cell sap without correction for the wall 
pressure (illogically termed osmotic pressure), 

E=osmotic value or D.P.D. of the external medium (also suction, suction 
force, suction »pressure» of this medium), and 

S=suction of the whole cell (suction force, Sz according to Ursprung, 
D.P.D. according to Meyer, illogically suction pressure). 

The following general relations then hold true: 

T=O-—E and S=0—W. If the cell is at equilibrium, S=E and T=W, 
if not, they are not identical, but always is T-W=S--E. The differences 
may be positive or negative. 


Summary 


An attempt has been made to evaluate the physical meaning of the turgor 
pressure of a living cell. If by turgor pressure is meant the pressure acling 
from within the cell on the cell wall, it has the nature of a diffusion pressure 
and can be computed as T=O-E, where T denotes the turgor pressure,. 
O the D.P.D. of the cell sap with no regard paid to the wall pressure, and 
E the D.P.D. of the external solution in contact with the cell. T depends 
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upon the difference in diffusion pressures of the solution outside and within 
the cell, and can only be regarded relative to defined external conditions. 
This evaluation can be applied to all circumstances, regardless whether the 
cell is at equilibrium with the external medium or not. The turgor pressure 
equals the wall pressure only at equilibrium, but is of different physical 
nature, and can attain any values independently of the wall pressure if the 
cell is not at equilibrium. The turgor pressure must decrease when a cell 
absorbs water and the wall pressure increases. Turgor pressure and wall 
pressure are the only actual pressures existing in the cell. The osmotic 
diagrams of Höfler and Tamiya are extended to be valid also for cells not 
at equilibrium. 

I am indebted to Prof. S. Bodforss, Dept. of Chemistry, and Dr. S. Algéus for 
discussions and valuable critizism. 
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That bacteria- and moulds are able to utilize amino acids as sources of 
nitrogen with liberation of ammonia, is a wellknown fact. Although the 
amino acids are also good sources of nitrogen for algae, formation of am- 
monia has only rarely been observed on assimilation of these compounds 
by the algae. In some experiments on Scenedesmus obliquus with glycocoll 
as N-source a fairly strong pH shift to the alkaline side was found (Algéus 
1946). Closer ınvestigation disclosed that the culture contained considerable 
amounts of ammonia. A parallel culture of Chlorella vulgaris exhibited no 
pH shift and contained no ammonia or only insignificant quantities. Hence, 
judging from the pH and the NH, amounts, the deamination of glycocoll 
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was greater in Scenedesmus than in Chlorella. As the deamination power 
of the algae must apparently be connected with their power to utilize the 
amino acid as a source of nitrogen, the phenomenon seemed to be worthy 
of further study. Since the species mentioned often occur in waters that 
are much contaminated with organic nitrogenous compounds, an investi- 
gation of the above-mentioned nature must also be directed to the illu- 
mination of the part played by the algae in the mineralizing processes in 
nature. The present work forms the first link in a study of the power 
possessed by the Chlorophyceae to utilize amino acids as a source of nitrogen. 


Material and Methods 


As experimental material, use was made of a clone culture of Scenedesmus 
obliquus (Turp.) Ktz., which had been kept isolated in pure culture since 1939. In 
culture the alga formed no coenobia and was accordingly unicellular. The stock 
cultures were raised on agar containing peptone and meat extract. Before use in 
the experiments the algae were transferred from an agar culture to a mineral salt 
solution, allowed to grow there and after a further subculturing in mineral solutions 
they were employed as initial material for the experimental series. The cells were 
then under brisk division. For a detailed description of the inoculation technique 
reference may be made to Algéus (1946). 

Unless otherwise mentioned, the nutrient solution had the following composition: 
glycocoll 2 g, MgSO,, 7H,O 0.01 g, CaSO,, 2H,O 0.01 g, K,HPO, 0.01 g and Fe3*- 
citrate 0.001 g, all per litre of solution. The water was either re-distilled or filtered 
through a cation exchanger (Amberlite IR-100). The glycocoll-N content of each 
culture amounted to about 19 mg, initial pH to ca. 7 (see below). As culture-vessels 
use was made of Erlenmeyer flasks of 150 ml (Jena Geräte Glas 20), each containing 
50 ml of nutrient solution. Sterilization was effected at 120° C, no ammonia being 
set free in the process. On being inoculated the cultures were supplied with small 
amounts of nitrogen as KNO, (ca. 7.10? mg N per flask), though this addition 
may be omitted. 

The cultures were placed round a lamp in a room having a temperature of 
20+1° C. Continuous illumination was used and the light intensity at the flasks was 
ca. 2500 lux. While the experiment was going on the flasks were shaken at regular 
intervals. Cultures kept in the dark were also employed. 

At definite times, usually every three days, two cultures in each experimental 
series were taken out and after adjustment for evaporation were analysed separately. 
If the growth had been inconsiderable, a larger number of flasks were combined 
into one sample in order to give analysable quantities. The quantities of algae 
(cells per mm?) were determined by counting two drops of each culture in a 
Biirker’s haemocytometer. In counts of a uniform suspension of cells the standard 
error due to the method of calculation is equal to the square root of the number 
of cells counted (Student 1907). From this it follows that a count of more than 
300—400 cells per culture is not particularly profitable. The error is then 5—5.8 °/o 
of the observed frequency. As Pearshall and Loose (1937) have shown for Chlorella, 
it is easy to obtain a practically homogenous suspension of this alga. The results 
obtained with Chlorella may doubtless also be applied in the present cases. As the 
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suspension could accordingly be regarded as practically homogenous, it was possible 
to limit the number of samples withdrawn for counting to two per culture. In 
order to get an expression for the variation due to biological causes the number 
of cells was invariebly determined in two cultures. The agreement between the 
two cultures could in general be denoted as good (see diagrams). Wide deviations, 
however, sometimes occurred, especially at the time cell division was most lively, 
when the number of cells could vary much from day to day. 

After the number of cells had been determined the algae were centrifuged off 
and washed repeatedly with phosphate buffer, pH 6.8. The glycocoll residuum did 
not amount to 0.001 mg. The algal suspension was transferred to a Kjeldahl flask, 
evaporated to dryness, whereupon the nitrogen was determined by the micro- 
Kjeldahl method. Depending on the magnitude of the amount assimilated, the 
ammonia was determined colorimetrically with Nessler’s reagent or volumetrically. 

The centrifugate was used for pH and ammonia determinations. The pH was 
measured potentiometrically. To avoid any disintegration of the amino acid the 
ammonia was removed by the Folin air current method at about 20° C with sodium 
carbonate as base. It was usually determined colorimetrically. As a small portion 
of the ammonia nitrogen at pH 8.0—8.2 is present as NH,, it is necessary, especially 
in rather old cultures within this pH range, to calculate with some loss in the 
ammonia content of the culture. In 47 days’ oid cultures this loss was found to 
amount to 0.06—0.09 mg, constituting 4—6 °/o of the total ammonia-N contained 
in the culture (ca. 1.5 mg). No allowance has been made for this loss and therefore 
some of the ammonia values recorded in the diagrams are somewhat too low. 

The results have mostly been given in the form of diagrams, the curves having 
been smoothed out- graphically. Certain curves, however, have been used further 
for caleulation of the rate of assimilation, etc. of the individual cell. The construction 
of the curved parts of these graphs has been carried out by the following method. 
The distance between pairs of observations has been denoted by d, that between 
the freehand drawn curve and the mean of the pairs of observations by d’. When 


, /\9 2 d)? . 
the fit of the curve is correct, 2d=0 and !(d)’= u Generally it has been 


possible to fit the curves so that the above-mentioned requirements have been 
fullfilled within reasonable limits. 


Experimental Results 
Experiment 1. Glycocoll and carbon dioxide in the light 


In this experiment the time curve of the nitrogen assimilation and of the 
ammonia production as well as the relation of these to the growth curve 
were studied. The source of the carbon was, apart from the amino acid, 
atmospheric carbon dioxide. Initial pH 7.1. Figs. 1—4 visualize the results 
of the experiment. The growth curve (Fig. 1) gives the number of cells per 
mm? at different points of time. There is a continous increase in the number 
of cells until about the eighteenth day, when the growth practically ceases. 
The greatest increase takes place between the ninth and the fifteenth day. 
These conditions are more clearly demonstrated by Fig. 3, which reproduces 
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Fig. 1. Growth and pH change in cultures 
with carbon dioxide in the light (Exp. 1). 
The abscissae indicate the time in days, 
the ordinates give the number of cells per 
mm? (X——X) as well as the pH (0---0). 
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Fig. 2. Nitrogen assimilation and ammonia 
production in cultures with carbon dioxide 
in the light (Exp. 1). The abscissae show 
the time in days, the ordinates represent 
the nitrogen assimilation (X——X) and am- 


For the meaning of r and R reference monia production (O---O) in mg N per 
should be made to the text. culture. For the meaning of r and R, see 
the text. 


the growth rate (number of cells formed per mm? per day) at different 
points of time. The point of inflexion on the twelfth day in Fig. 1 corresponds 
to a maximum of the growth rate in Fig. 3. 

The curve for the nitrogen assimilation (Fig. 2) has a course similar to 
that of the growth curve, but is displaced in relation to this. The N-assi- 
milation of the culture does not cease until about the thirteenth day. Cor- 
responding to the point of inflection on the fifteenth day there is a maximum 
in the rate of assimilation (mg N assimilated per culture per day). It should 
be noted that the maximum assimilation of nitrogen (Fig. 3) certainly 
occurs about three days later than the growth maximum but that the 
former curve has a flatter course round the maximum point and therefore 
no considerable increase in the assimilation rate of the culture occurs from 
the time the growth rate has begun to diminish. 

As is indicated by the dotted curve in Fig. 2, about 1 mg of ammonia-N 
is released during the growth. From about the twelfth day the production 
of ammonia proceeds at an almost constant rate (mg ammonia-N per cul- 
ture per day) up to the twentysecond day, when it commences to decline 
(Fig. 3). Through the liberation of ammonia the pH of the solution rises 
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and ammonia production in cultures with 
carbon dioxide in the light (Exp. 1). The 
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Fig. 4 Rates of nitrogen assimilation and 
ammonia production of the individual cell 
in cultures with carbon dioxide in the light 
(Exp. 1). The abscissae show the time in 
days, the ordinates, the respective rates of 
assimilation (X——X) and ammonia produc- 


rates of assimilation (X——X) and ammonia tion (O---O) in mg N per cell per day. 
production (@——@) in mg N per culture 


per day. 


from 7.1 to 8.2 (Fig. 1), corresponding to the pH found in a bicarbonate 
solution. 


In the above discussion the algal culture has been regarded as a unit and the 
values given for N-assimilation and ammonia liberation have reference to the 
entire culture but give no direct idea of the role played by the individual cell. 
However, it may be of interest to learn the amounts of nitrogen which the individual 
cell assimilates and liberates as ammonia per unit of time at different periods in 
the developmental stages of the culture. The value in question can be obtained 
by dividing the amount of N assimilated (and ihe amount of ammonia-N liberated) 
during a certain interval of time (e.g. R—r in Fig. 2) by the number of cells 
that were present in the culture during this interval. The N-values required were 
obtained by taking readings from the curves in Fig. 2 of the assimilated N (and 
the liberated ammonia-N) at different times and calculating the differences. The 
number of cells existing in the solution during the period R—r corresponds to the 
integral of the growth curve in Fig. 1 with R and r as limits. 

It is a wellknown fact that in their growth the micro-organisms give a curve 
which can be represented by the equation that characterizes an autocatalyzed 
monomolecular reaction. The differential form of this equation expresses the growth 


rate and can be written dx/dt=kx(A—x) (1) 
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For the meaning of the symbols, see below. If equation (1) applied exactly to 
Scenedesmus, the upper curve in Fig. 3 would be a graphical expression for the 
equation. After integration of (1) we obtain 


2 ; 


x represents the number of cells per mm? at the time t; A is the maximum 
number of cells that can be obtained in this unit of volume; t, is the time at 
which x=A/2; k denotes the velocity constant. If equation (2) applied exactly to 
Scenedesmus, the growth curve in Fig. 1 would be a graphical expression for this 
equation. Equation (2) can also be written in the form 


__ A. eAk (t—ty) 


* = ee tp (3) 


If this equation is integrated between the values (times) R and r, the integral 
(SR; equ. 4) denotes the area under the curve between these values (cf. Fig. 1): 


1 1 + eAk (R-t,) 


R .e = ae = 
S; a) log 1 -- eAk (r—t;) (4) 


This area gives the sum of the cells present in the solution between the points 
of time R and r. If the constants in equ. (4) were known, the sum of the cells 
would thus admit of being easily calculated. Although under certain conditions 
the above equations apply with fair exactness to a number of micro-organisms 
(Pratt 1940), substantial deviations can be found in other cases (Richards 1928; 
Reed 1932). As the shape of the growth curves in the present cases appear to vary 
with the experimental conditions (see below) and, moreover, as it is doubtful 
whether the experimental points are sufficient in number for estimation of a 
satisfactory value for the constants of the equation, the total number of cells has 
been determined in the present case by means of a graphic method. Thus, the 
area S® has been estimated from the growth curve (Fig. 1) by determining the 
ordinate X, 4, by measurement at the centre of the stretch rR, whereupon the 

2 
area between r and R is found with good approximation to be equal to X-(R—r). 
Denoting the amount of nitrogen assimilated during the interval R—r by Nk_ r 
and the sum of cells per mm? during the same interval by SE the amount of 


nitrogen assimilated per cell per day during the interval will average 


Fa) 


SR .5.104.d 


where 5.10% is the volume of the culture in mm? and d the number of days during 
the interval of time. As a rule R—-r was put equal to three days. 


The values obtained in this way from Experiment 1 have been graphically 
reproduced in Fig. 4. This diagram shows the average rates of assimilation 
and ammonia liberation of the individual cell in mg N per cell per day at 
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Fig. 5. Nitrogen content of the in- 
dividual cell. The abscissae indicate 
the time in days, the ordinates, the 
N content per cell in mg. Cultures 
with carbon dioxide in the light 
(X---X, Exp. 1), with only glyco- 
coli im: the: dark (=> Exp. 2), 
with glucose in the dark (@---®, 
Exp. 3) and with glucose+carbon 
dioxide in the light (O0 —-O, Exp. 4). 
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different times in the development of the culture. Owing to the difficulty 
of finding an exact position for the curves during the first few days of the 
experiment, and as a slight alteration in the course of the growth curve 
during this time has a great effect on S!, the values obtained during those 
days are uncertain and have been omitted. The continuous curve in Fig. 4 
shows that during the sixth to the twelfth day the cell assimilates nitrogen 
at a high rate (about 0.8 -10—!° mg per cell per day) but that after the 
twelfth day this assimilation rapidly declines. At the same point of time 
there is likewise a decline in the rate of cell division (Fig. 3). The rate of 
ammonia production (Fig. 4) is tolerably constant until the fifteenth day, 
when it begins to fall. Whether the initial points of the curves represent 
maxima or whether the rates are constant during the immediately preceding 
period, is not possible to decide for the above-mentioned reasons. It is 
accordingly obvious that the diminution in the nitrogen assimilation and 
in the ammonia production of the individual cell is co-incidental with a 
retardation in the rate of cell division. 

It may also be of interest to follow the individual cell’s content of organic 
nitrogen (hereafter also called protein nitrogen) during the growth of the 
culture. These values found in the above-described experiment are given in 
Fig. 5. The diagram shows that the protein content of Ihe cell rises until 
about the thirtieth day, when the N assimilation has ceased. Then the cell 
contains on an average 15 - 10-"° mg of protein-N or about three times as 


much N as on the sixth day. 
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Experiment 1 shows that glycocoll is a good source of nitrogen for 
Scenedesmus. Although direct evidence is wanting, it is reasonable to assume 
that the algae take up the glycocoll and utilize it, splitting off ammonia 
with formation of an N-free residue of the amino acid. The ammonia is used 
for building up the nitrogenous substances of the cell. Any surplus goes to 
the nutrient solution. According to this result, the cells mechanism of 
deamination is over-dimensioned and more ammonia is split off than the 
cell can utilize. An apparently acceptable explanation of the phenomenon 
is obtained, however, on the assumption that the amino acid is utilized not 
only as an N-source but also along with atmospheric carbon dioxide as a 
C-source. If there is a deficiency of carbon dioxide, and assuming that the 
deamination is caused by an adaptive enzyme, then the deamination ought 
to be the more powerful the smaller the supply of carbon dioxide. The cell 
receives carbon through the deamination process and separates out the 
surplus of nitrogen. This way of viewing the matter will be taken as a 
starting-point for discussion in the next section. 


Experiment 2. Only glycocoll in the dark 


Although the amino acids are known to be unsuitable sources of carbon 
for the Chlorophyceae (Treboux 1905; Algéus 1946), it seemed worth while 
to make an experiment with glycocoll as a common source of carbon and 
nitrogen for Scenedesmus. The experimental dispositions were the same as 
those described above except that the cultures were kept in the dark during 
the whole time of the experiment. Initial pH 7.0. As the growth was very 
insignificant, a sample was withdrawn for analysis only every sixth day. 
The result of the experiment is submitted in Figs. 6—8. 

The number of cells per mm? was low and at cessation of growth on the 
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Fig. 7. Rates of growth, nitrogen assimilation 
and ammonia production in cultures with 
only glycocoll in the dark (Exp. 2). The 
abscissae show the time in days, the ordi- 
nates, the rate of growth (O—O) in cells 


mgN 


10-10" 


3169: 12 
Time in days 


15 18 21 24 27 


Fig. 8. Rates of nitrogen assimilation and 
ammonia production of the individual cell 
in cultures with only glycocoll in the dark 
(Exp. 2). The abscissae represent the time 
in days, the ordinates, the rates of assi- 


per mm? per day as well as the rates of 
assimilation (X——X) and ammonia pro- 
duction (@-—®) in mg N per culture per day. 


milation (X——X) and ammonia produc- 
tion (O---O) in mg N per cell per day. 


twentyfourth day amounted to only about 100. Assimilation of nitrogen 
already ceased on the eighteenth day while the liberation of ammonia 
continued and did not stop until the culture had ceased to grow (Fig. 6). 
During the whole experiment the pH was constant at 7.0. Fig. 7 records the 
rates of cell division, N-assimilation and NH,-production in the cultures at 
different points of time. The first-mentioned rate is practically constant 
between the ninth and twenty-first day. N-assimilation already attains its 
maximum on the twelfth day, long before growth has commenced to 
decline, while the maximum production of ammonia occurs six days later. 

The curves show that Scenedesmus is able to utilize glycocoll both as an 
N- and as a C-sourcé, although the weak growth of the culture indicates 
that it is a very unsuitable source of carbon. They show further that the 
nitrogen assimilation stops at a relatively early stage, long before cell divisions 
cease. That this is not due to a deficient power of deamination is evident 
from the fact that ammonia is still being produced and given off to the 
solution. It is assumable that the protein synthesis comes to an end from 
lack of a suitable carbon source. The carbon compound obtained at the 
deamination is in the first place used as respiratory material, and the 
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ammonia formed is given up to the solution. Growth and deamination cease 
at the same time, which implies that the metabolism of the cells is greatly 
reduced after that juncture. 

Fig. 8 records the assimilation and ammonia production of the individual 
cell in mg N per day at different points of time. The deamination power 
(rate of N assimilation +rate of ammonia-N production) falls rapidly and 
is not synchronized with a decline in the rate of cell division. There is reason 
to suppose that other factors inhibit the deamination in Experiment 2 than 
ihose acting in Experiment 1 (cf. above). The protein-N content of the 
individual cell (Fig. 5) shows a rise at first. However, as the N-assimilation, 
ceases but the cell divisions continue, the N-content of the cells soon drops. 
The curve thus passes through a maximum that occurs on the eighteenth 
day. It may be mentioned that the protein content of the cell is markedly 
high. No explanation of this has admitted of being found. 

If in Experiments 1 and 2 the average released quantity of amino-N 
(assimilated N-+ammonia-N) per cell per day is estimated from the be- 
ginning of the experiments to the cessation of deamination on the thirty- 
third and the thirtieth day respectively, the ratio will be 1:4.1, that is to say, 
the average rate of deamination in the cells is about four times as great in 
the dark as in the light. These figures must be taken with due reservation 
for the pH displacement in Experiment 1. The experiments do not gainsay 
the assumption that the deamination is caused by an adaptive enzyme and 
that the N-free carbon residue is used as a source of energy by the algae, 
although it may seem peculiar that the amino acid, which in itself is a 
poor source uf carbon, in the light can have any significance beside the 
carbon dioxide of the air. 
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Fig. 10. Rates of growth and nitro- 
gen assimilation in cultures with glu- 
cose in the dark (Exp. 3). The abscis- 
sae show the time in days, the 
ordinates, the rate of growth (O_O) 
in cells per mm? per day and the rate 
of assimilation (X—-X) in mg N per 
culture per day. 
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Experiment 3. Glycocoll and glucose in the dark 


In this and the next experiment the deamination was studied in the 
presence of glucose in a concentration of 10 g per litre. One series under 
continuous illumination and one series in the dark were started. The result 
of the dark cultures (Experiment 3) is given in Figs. 9—11. According to 
Fig. 9, ihe growth curve is asymmetric, with a point of inflexion on the 
twentyfirst day corresponding to the maximum rate of growth (Fig. 10). 
Growth has practically ceased after twentyfour days. Nitrogen assimilation, 
on the other hand, has barely come to an end after fiftyfour days and has 
a flat maximum about the twentyfifth day (Figs. 9 and 10). 

Small amounts of ammonia-N could already be demonstrated after three 
days, viz. 0.010 mg per culture. On the sixth day the amount was 0.038 mg, 
whereupon it dropped back. After the twelfth day ammonia could only 
exceptionally be found in the cultures and then in amounts below 0.010 mg. 
(The low ammonia values have not been inserted in Figs. 9 and 10.) The 
initial pH of the culture was 7.2. In the course of the experiment this value 
fell to about 6.6 (Fig. 9). In another experiment not further reported here 
ihe pH dropped from 6.8 to 6.0 under otherwise the same conditions. 

The N-assimilation of the individual cell is shown in Fig. 11. The rate 
of assimilation declines before cell division has reached its maximum and 
after the twentyfirst day is low but almost constant. The nitrogen content 
of the individual cell (Fig. 5) decreases at first, depending on the relatively 
low N-assimilation and high rate of cell division, whereupon it again in- 
creases in the measure growih ceases but N-assimilation continues. A fall 
of this nature in the protein content was also found in Experiment 2, although 
it was not followed there by any rise. In Experiment 1 there was also a 
transitory fall in the protein content of the cells, indicated by the low values 


on the fifteenth day (Fig. 5). 
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Fig. 11. Rates of nitrogen assimilation and 
ammonia production of the individual cell of 
Exp. 3 and 4. The abscissae indicate the time 
in days, the ordinates, the rates in mg N per 
cell per day; @——@ rate of assimilation in 
cultures with glucose in the dark (Exp. 3); 
X——X rate of assimilation, O---O rate of 
ammonia production in cultures with glucose 
+ carbon dioxide in the-light (Exp. 4). 
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If in the absence of a suitable C-source the cells utilize the N-free carbon 
compound formed at the deamination as respiratory material, we should 
not expect any ammonia in Experiment 3, since carbon is present in easily 
available form. Nevertheless there initially occur in the cultures small 
amounts of NH,, but these are re-assimilated in the course of the experi- 
ment. That the N-free amino acid residue is not consumed, is possibly 
indicated by the pH fall in the solution. It is assumable that this residue 
consists of an acid which, when the formation of ammonia is insignificant 
or nil, affects the reaction of the solution. The pH fall can of course also 
be conceived as caused by acids formed at the breakdown of the carbo- 
hydrate. The fact that the individual cell’s deamination is inhibited earlier 
than the cell multiplication further suggests that different factors influence 
these two cellular activities (cf. Experiments 1 and 2). If the quantity of 
amino nitrogen (assimilated N+ammonia-N) released on an average per cell 
per day is estimated from the beginning of the experiment to the cessation 
of deamination (after 54 days), this is found to be 27 times less than in 
Experiment 2, where the amino acid was the sole source of carbon and 6.6 
times less than in Experiment 1, where the carbon source consisted of 
amino acid plus carbon dioxide. At the first glance the figures appear to 
show that in the presence of a perfect source of carbon only that quantity 
of nitrogen is released which is required for protein synthesis. However, 
the decrease not only results in an absence of ammonia production (during 
the latter part of the experiment) but also exercises an influence on the 
nitrogen assimilation, which proceeds at a slow rate. The protein content of 
the cells falls, at least temporarily, to an abnormally low level. Hence there 
is a lack of agreement between supply and demand as regards released 
nitrogen, the supply being too large at first but soon falling below require- 
ments. The theory that the enzyme system is adaptive and that by means 
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of their deamination process the cells obtain a supply of not only nitrogen 
but also carbon does not seem forthwith applicable. This is brought out still 
clearer in the next experiment. 


Experiment 4. Glycocoll+glucose+carbon dioxide in the light 


The same arrangement as in the preceding experiment except that the 
cultures were exposed to continuous illumination. Figs. 11-—14 present the 
result of this experiment. The growth curve (Fig. 12) is asymmetric with 
a maximum in growth rate on the eighth to ninth day (Fig. 14). Growth 
has practically come to a stop on the eighteenth day. The N-assimilation 
has reached its maximum on the eleventh day and terminated about the 
twentieth day (Figs. 13 and 14). From and including the sixth day of the 
experiment small amounts of ammonia could be found in the cultures, viz. 
about 0.010 mg. This quantity is tolerably constant until about the eighteenth 
day, when the ammonia content increases at the same time as the nitrogen 
assimilation ceases. The production of ammonia reaches its maximum so 
late as on the twentyeighth day, when cell division and N-assimilation have 
long since ceased (Figs. 13 and 14). During the first days of the experiment 
the pH shows a fall from 6.7 to 6.4—6.2 (cf. Experiment 3). After ammonia 
liberation has started the pH rises again and at the end of the experiment 
has attained a value of 8.2 (Fig. 12). 

The rate of assimilation of the individual cell decreases from about the 
ninth day, when the cell divisions have their maximum. Coincidental with 
this decrease there is an increase in the rate of ammonia formation, which 
passes its maximum about the twentyeighth day (Fig. 11). The protein 
content of the cell rises and acquires a final vatue that accords with those 
found in earlier experiments (Fig. 5). An estimation of the amount of amino 
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Fig. 13. Nitrogen assimilation and 
ammonia production in cultures with 
glucose+carbon dioxide in the light 
(Exp. 4). The abscissae show the 
time in days, the ordinates, the nitro- 
gen assimilation (X——X) and am- 
monia production (O---O) in mg 
N per culture. 
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nitrogen (assimilated N--ammonia-N) released on an average per cell per 
day from the beginning of the experiment to the cessation of deamination 
on the thirtysixth day shows that this was slightly less than in Experiment 1, 
which was carried out in light without glucose (ratio=1 : 1.3), considerably 
less than in Experiment 2, which was conducted with solely glycocoll in 
the dark (ratio=1 : 5.5), and substantially more than in the glucose experi- 
ment in the dark (ratio—1 : 0.21). 

In the case of Experiment 4 it is not reasonable to assume that the N-free 
carbon compound formed at the deamination is utilized by the alga for 
conversion into energy. Both glucose and carbon dioxide are most excellent 
sources of carbon for Scenedesmus, and it is difficult to understand what 
role the N-free amino acid residue, which taken by itself is a very poor 
carbon source (cf. Experiment 2), would play alongside the two above- 
mentioned substances. However, before a conclusive discussion of the 
experimental results can be made it is necessary to investigate the dependence 
of the deamination on the pH of the solulion. 


Experiments 5—6. Deamination at different pH levels 


In Experiments 1—4 the solution was left unbuffered to enable the 
changes brought about in the external medium by the metabolic products 
to be followed. It is, however, known from investigations on bacteria that 
the deamination is highly dependent on the reaction of the nutrient solution 
(Janke and Tayenthal 1936; Stephenson and Gale 1937). The two following 
experiments show the dependence of the deamination on the pH in the 
Scenedesmus cultures. 

The same nutrient solution as above (p. 66) was employed, but the 
potassium phosphate was replaced by a ‘/;,9 M phosphate buffer (Expeti- 
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ment 5). In the three strongest alkaline solutions the buffering power of the 
glycocoll itself (glycocoll+ NaOH+ NaCl) was utilized. In these cultures the 
glycocoll content was a little higher than in the others (2—5 g per 1). This 
is of no importance, however, as algae have a very wide optimum with 
regard to glycocoll (Algéus 1946). An assay of the cultures after 24 days 
gave the results recorded in Fig. 15, where the final pH is also indicated. 
The number of cells was about the same in all cultures except the most 
alkaline, which showed a considerably lower growth. As Scenedesmus 
generally grows better in weakly alkaline solutions than in acid ones (Algéus 
1946), the values must be attributed to changes in the pH during the course 
of the experiment. The protein content of the cultures was the same 
throughout. There were, however, great differences in the ammonia content. 
This amounted to ca. 4 mg per culture in the acid solutions, but fell from 
and including pH 6.5 and was only 0.2 mg in the most alkaline solutions. 
In a supplementary experiment, No. 6, the result of which is reproduced 
in Table 1, it was possible to keep the pH changes within narrower limits. 
The concentration of the phosphate buffer was !/,, M and the experiment 
was kept short in duration, 18 days. To avoid chlorosis 0.2 mg of ferric 
citrate+citric acid (1:1) per culture was added during the course of the 
experiment. As Table 1 shows, the number of cells increases with rising pH, 
although the differences are not large owing to the change that also occurs 
here in the pH. The protein content exhibits a falling tendency. The ammonia 
content of the cultures sinks with ascending pH, as in Experiment 5. 
Although the growth curves at the different pH levels are not known, 
it may be concluded with the greatest degree of probability from Experi- 
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Fig. 15. Effect of pH on growth and nitrogen 
metabolism in glycocoll cultures (Exp. 5). The 
abscissae show the pH (final pH of the cul- 
tures in lower row), the ordinates show the 
growth in number of cells per mm? (0—-O), 
nitrogen assimilation (X——X) and ammonia 
production (@---@) in mg N per culture. 
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ments 5 and 6 that the deamination power of the individual cell is greater 
in acid than in alkaline solution. The result is worthy of attention, it being 
known that bacteria only deaminate amino acids in neutral or alkaline 
solution (pH-optimum 7.5—8.0). This has been considered to depend upon 
the fact that the amino acid must have an undissociated NH, group to be 
attacked by the enzyme co-operating in the process. Glycocoll is present at 
pH 6.1 as dipolar ions *H,N.COO-. Above this pH value there is an increase 
in the concentration of negative ions (H,N.COO ), below it, in the con- 
centration of positive ions ("H,N.COOH). It is obvious that the alga can 
attack the amino acid at all pH values between 4.8 and 9.3 irrespective of 
the kind of ions. The greatest deamination nevertheless takes place in acid 
solutions. However, as bacteria are known to be able to attack amino acids 
with decarboxylation and formation of amines in acid solutions (Gale 1940), 
it is of importance to determine that it is ammonia which is concerned in 
all these cases, and not methyl amine, the only amine that comes in question 
here. For that purpose the base was distilled from a number of nutrient 
solutions which had different pH values (4.8, 5.0, 9.0, 9.5), whereupon tests 
for methyl amine were performed with chloranile in the distillate. In all 
cases the tests turned out negatively, showing the absence of methyl amine. 
Of course, it cannot be entirely ruled out that the glycocoll is first decarb- 
oxylated and the amine formed further utilized with formation of NH, 
and, for instance, formic acid (cf. the pH falls in Experiment 4 and 5). 


Discussion 


The foregoing experiments show that Scenedesmus obliquus can utilize 
glycocoll as a source of nitrogen. In this process ammonia is liberated under 
certain conditions, and is surrendered to the culture medium. The view that 
on deamination of amino acids the micro-organisms avail themselves of the 
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Table 1. Effect of pH on the growth, nitrogen assimilation and ammonia production in 
glycocoll cultures (Exp. 6). 
eee ee ee EST eee tae le 


| Initial pH 6.0 7.0 7.9 

a ee eee ee ee 
| 

(LRT EWU) 3 [02 cee RU 62 pe ne. 6.8 7.3 8.3 

| 7.0 7.5 8.3 

. Growth, cells per mm3 .................. 11,200 11,000 16,400 
13,600 16,000 17,600 
. Assimilated N; mg per culture ......... 1.40 0.95 1.22 
| 1.71 1.45 1.14 
| Ammonia-N; mg per culture ............ | 2.90 1.23 0.73 
} 4.03 2.26 1.02 


N-free residue of the amino acid as a source of carbon while separating out 
the NH, surplus has been advanced in its most pregnant form by Kendall 
(1922). As Kendall has shown, the production of ammonia ceases in growing 
cultures of bacteria when carbohydrate is added. He interpreted this as a 
protein-sparing action. Raistrick and Clark (1921) maintain, however, that 
in the presence of carbohydrate a larger rather than a smaller amount of 
amino-nitrogen is consumed. The released nitrogen, however, is present as 
cell-nitrogen, not as ammonia in the solution. Ammonia production is due 
to an unfavourable balance between carbon and nitrogen in the amino acids. 
The same has been emphasized by Waksman and Lomanitz (1925). 

In the above-described experiments with Scenedesmus there can be no 
question of a protein-sparing action, as considerably larger amounts of 
amino acid are deäminated in the presence of carbon dioxide or glucose than 
when the amino acid itself serves as a source of carbon. Nor is a fully 
satisfactory explanation obtained if it is assumed that the ammonia pro- 
duction depends on an unfavourable balance between carbon and nitrogen 
in the glycocoll. The fact is that under such conditions no ammonia pro- 
duction would be expected to occur in the presence of carbon dioxide (in 
the light) or still less so in the simultaneous presence of carbon dioxide 
and glucose (in the light). In both these cases, however, ammonia is formed. 
Ammonia is also initially produced when the source of carbon consists 
of solely glucose (dark cultures). Later on, an inhibition in the deamination 
occurs in these cultures, which does not only affect the ammonia produc- 
tion, however, but also the nitrogen assimilation, the latter going on at a 
reduced rate. An inhibition of the nitrogen metabolism caused by carbo- 
hydrates was also observed by Berman and Rettger (1918) in bacterial 
cultures. According to them, the inhibition is due to a pH change towards 
acidity, which can be prevented by addition of a -buffer solution. Stephen- 
son and Gale (1937) are of the opinion that glucose retards deamination 
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by reducing the production of enzyme during the growth of the culture. 
That the absence of ammonia production in the above-mentioned Scene- 
desmus experiment (No. 3) was not due to a pH fall in the medium is 
evident from the fact that deamination is promoted in this alga by a low pH. 
Probably the carbohydrate had an effect by reducing the enzyme pro- 
duction during the growth. In harmony with this view is the fact that the 
deamination was initially greater and later less than the nitrogen require- 
ments of the culture. Why the glucose inhibition appears only to a limited 
extent in the light cultures, is unknown. 

The investigation gives support to the assumption that in Scenedesmus the 
deamination is rather independent of the carbohydrate metabolism and runs 
in excess of requirements. However, it is to some extent adaptive. When the 
amino acid serves as source of carbon and nitrogen (in the dark), the average 
deamination effected by the cells is great. With CO, or CO, +glucose as a 
source of carbon (in the light), it is less, though the amount of nitrogen 
released exceeds the quantity assimilated. In the presence of glucose in the 
dark the specific inhibitory effect of the carbohydrate makes its appearance. 
The rate of deamination of the individual cell (N-assimilation-+ ammonia-N- 
production per unit of time) is not the same during all periods in the 
development of the culture. Concurrent with the inhibition in the rate of 
cell division there is an inhibition in the power of deamination. At times the 
deamination decreases before growth has reached its maximum. 

Janke and Tayenthal (1936), who studied the deamination of glycocoll 
under the influence of bacteria, were able to show that the ammonia is split 
off with production of glyoxylic acid as intermediate product in consequence 
of an oxidative process. Although it is most probable that a similar reaction 
is involved in Scenedesmus, the possibility cannot be ignored that the dea- 
mination here is not a uniform process and, in the light, is linked up in 
some way with photosynthesis. According to Gaffron (1940), so-called 
hydrogen-adapted algae and among them Scenedesmus can reduce carbon 
dioxide also with organic substances as hydrogen donors. Although such 
a process has only been demonstrated in adapted algae, the possibility 
cannot be dismissed that glycocoll has been deaminated in light experi- 
ments by a process of photoreduction. At present, however, such a hypo- 
thesis lacks any experimental support. 

In the nitrogen cycle in Nature the proteins are broken down with 
formation of nitrogenous substances of low molecular weight, especially 
amino acids, which in their turn are deaminated with production of ammonia. 
Earlier, moulds and bacteria alone were held responsible for this minera- 
lization. It is however obvious that algae also participate in this process. 
In so-called mesosaprobic waters, which are more or less contaminated 
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with organic nitrogenous substances, such species as Scenedesmus obliquus 
are very common. They frequently occur there in high production. Scene- 
desmus can be got to thrive even in sewage water (Carlin 1934). As the 
conditions in waters of this kind are such that a deamination with formation 
of ammonia must take place, it is manifest that substantial amounts of 
ammonia are formed in the nitrogen metabolism of the algae. In Carlin’s 
above-cited work it is claimed that by virtue of their oxygen production 
the algae exercise a favourable influence on the self-purification of the 
water. This statement may be supplemented to the effect that at least 
certain algae contribute to the self-purification of the water by converting 
the nitrogen in organic substances to ammonia. 


Summary 


1. Glycocoll is an excellent source of nitrogen for Scenedesmus obliquus. 
When the source of carbon is atmospheric carbon dioxide (in the light), 
the amino acid is utilized with liberation of ammonia. 

2. If glucose is supplied in addition (light), ammonia is still liberated, 
though at first in smaller amounts owing to a Jarge proportion of the released 
nitrogen being assimilated by the cells. The average rate of deamination 
exhibited by the individual cell is in the light not notably affected by the 
presence of glucose. 

3. When glycocoll is allowed to serve as a source of both carbon and 
nitrogen (dark), the growth is insignificant owing to glycocoll being a poor 
source of carbon. On the other hand, the average rate of deamination 
exhibited by the individual cell is considerably higher than in the light 
experiments. 

4. In cultures kept in the dark with glucose as a source of carbon the 
growth is good. Ammonia appears at first but is assimilated again later. 
Glucose inhibits the deamination so that both the ammonia production and 
also nitrogen assimilation decrease. The average deamination rate as well 
as the protein content of the individual cell are low. 

5. The rate of deamination of the cells is not constant but declines at 
the same time as an inhibition in the cell divisions makes its appearance, 
sometimes even earlier. 

6. The deamination has an optimum pH between 5 and 6. 

7. Different theories on the cause of ammonia production are discussed. 
The investigation lends support to the view that the deamination power 
possessed by Scenedesmus obliquus is rather independent of the carbo- 
hydrate metabolism and runs in excess of requirements. However, it is to 
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some extent adaptive. In the presence of glucose in the dark deaminatior 
is retarded by the carbohydrate. 

8. It is obvious that Scenedesmus obliquus, by changing organic nitrogen 
into ammonia, contributes considerably to the mineralizing processes in 
natural waters. 


To Docent N. E. Fremberg I am greatly indebted for all the help he has given 
me in the treatment of the mathematical problems. I am grateful to Professor 
C.-E. Quensel for valuable directions as to the statistical treatment of the experi- 
mental material. A grant has been awarded by Statens Naturvetenskapliga Forsk- 
ningsräd (The National Scientific Research Council of Sweden). 
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The effect of various factors on the formation of carotene and vitamin 
C in plants was studied in this laboratory in the years 1931—1933. It was 
shown that the maximum content of vitamin C and carotene coincided with 
a maximum rate of growth. Virtanen and v. Hausen (11) therefore concluded 
that those substances in some way were associated with the growth of the 
higher plants and are indispensable for them as growth factors. 

With these results in mind, experiments were carried out to obtain in- 
formation on the role of vitamin C in the growth of plants. In the beginning 
the effect of vitamin C on normally grown plants was studied by adding 
crystalline ascorbic acid to the nutrient solution in sterile culture system. 

In experiments with peas, an introduction of ascorbic acid into the nutrient 
solution in the beginning of the growth period resulted in a noticeable in- 
crease in the rate of growth (6). 

In order to prove conclusively the necessity of vitamin C for plants, a 
technique was adopted in which the vitamin C produced in the seedlings 
during germination was almost excluded. This was done by removing the 
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Table 1. Effect of various accessory growih substances on the growth of peas whose 
cotyledons were removed after a germination period of 5 days. Each figure represents 
the average value of the weight, the length and the vitamin C content of 20 plants. 


Average fresh | Average length | Vitamin C per 

Substance weigt of one of one shoot, 100 g fresh 

seedling, mg mm matter, mg 
Water, (control) seers eee 85 170 24 
Vitamin) B complex "#5 re 181 190 52 
Vitamin B complex -+ biotin ............ 756 540 64 
| VitamınyCa TA TEE TUE re 1450 680 154 
Vitamin B complex-+-biotin-+ vitamin C 2052 940 158 
(eNormaliplants a. ee. 4746 1020 61 


cotyledons 4—5 days after sowing. By adding ascorbic acid to such plants, 
clear and definite results were obtained. While numerous controls died 
before the close of the experiment and others developed into undersized 
and dwarfed plants, the plants which received vitamin C attained a length 
of up to 80 cm and developed normal blossoms. 

The results obtained (v. Hausen, 7) showed clearly for the first time 
that an organic substance, vitamin C is an indispensable growth substance 
for the higher plants. The opinion earlier expressed by Virtanen and v. Hau- 
sen was thus conclusively confirmed. It was furthermore shown that also 
the best developed cotyledonless plants were considerably inferior to nor- 
mal plants. Not even in the later growth period could they be compared 
with the latter. 

The above facts show that the germinating seed contains also othér sub- 
stances than vitamin C which have an effect on the mechanism by means 
of which the synthetic action in the plant is achieved, and that the plant is 
not later able to compensate for this lack. Contrary to expectation, the plants 
thus remain somewhat heterotrophic during the entire period of growth. 

When after the war the author was given the opportunity to proceed with 
her experiments, they were extended to include also other accessory growth 
substances than vitamin C. The intention was to try to obtain a growth, 
which as much as possible should approach the normal, by adding vita- 
min C in combination with other growth substances to the cotyledonless 
plant. A part of these experiments are described in this paper. 

During the past few years, the knowledge of growth substances, which 
play a role in the growth of plants, has been considerably increased, without 
a clear understanding of the effect of certain substances having been 
attained. Continued experiments concerning the growth-promoting effect of 
vitamin C gave diverse results. Havas (8) proved an acceleration of growth 
and increase in the length of shoots of wheat by the addition of sujtable 
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Fig. 1. Pea cultures, supplied with various 
growth substances after the removal of co- 
tyledons. 


Vitamin B complex +biotin+vitamin C. 
Vitamin C. 

Vitamin B complex +biotin. 

Vitamin B complex. 

Control. 


RD 


concentrations of ascorbic acid. Kögl and Haagen-Smit (9) found, contrary 
to J. and D. Bonner (4), no effect on the addition of ascorbic acid to pea 
embryos. The latters explained this discrepancy by showing that some 
varieties of pea respond in a different manner to the addition of ascorbic 
acid, because they are able to synthesize vitamin C while others are not. 
The variety used by Kögl and Haagen-Smit was autotrophic and thus 
unable to respond to vitamin C, although they needed this substance as much 
as the heterotrophic varieties. 

Kögl and Haagen-Smit (9) were the first to prove vitamin B, to be neces- 
sary for the growth of plants. About the same time Bonner (2) and Robbins 
and Bartley (10) obtained the same results. Kögl and Haagen-Smit (9) 
showed also that biotin belongs to the most important growth substances. 
That also pantothenic acid must be added to those substances is shown by 
experiments of Bonner and Axtman (3) amongst others. A similar response 
on the growth of isolated embryos was received by Bonner (1) by the 
addition of nicotinic acid. As regards the remaining factors of the vitamin 
B complex, inositol and para-amino-benzoic acid, the importance for growth 
is very little known. The same can be said of vitamin K and E. 

The majority of above mentioned scientists have by their experiments 
made use of cultures in vitro of excised embryos while those embryos, 
etiolated and deprived of their cotyledons at an early stage, are completely 


heterotrophic. 
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Table 2. Effect of various accessory growth substances on the growth of peas whose 
cotyledons were removed after a germination period of 5 days. Each figure represents 
the average value of the weight and the length of 20 plants. 


' Average fresh 
Substance weight of one ee a 
seedling, mg 
| 
Water (control) ie cee Sr nee cm certe 47 82 | 
Vita ne ce eee en 164 150 
BIO ee eme ce ee eue ele 187 174 
Bantothetienackdeen ne ee cer 232 182 
VLtA MID EDIT de ere. eee 341 228 
Vitamin B, + biotin + yeast extract ............... 468 240 | 
Vitamin B complex + biotin ........................... 443 292 | 
Vitamin B complex + biotin + yeast extract....... 488 302 | 
Vitamin B complex + biotin + vitamin C ......... 1415 425 | 
Vitamin Bcomplex—biotin-+ vitamin C+ vitamin K 1365 432 
Normal plants son Swen era enge 1886 735 


By measuring the length of the embryos after a fixed time, the effect 
of the different growth substances could be compared. The difference 
in the length between the controls and the treated plants is, nevertheless, 
only a few millimetres or at highest some centimetres. 

By allowing the peas to germinate 4—5 days, and afterwards removing 
the cotyledons and letting the plants grow in light in nutrient solution, 
it is possible to obtain specimens with differences in length from a few 
centimetres to over one half metre. Of course a part of the food reserves 
from the cotyledons have then migrated to the seedlings allowing them to 
start growth, but by holding the plants some days in a medium without 
growth substances, the growth soon stops and the plants become at least 
partially heterotrophic and ready for experimental use. This method was 
used in the main in the experiments described in this paper. 


Experiments 


The experiments were carried out as follows: 

Sterile pea seeds (Torsdag of Svalöf, weighing 190—200 mg) were allowed 
to germinate in sterile test tubes, containing 9 ml sterile, distilled water. 
When the germination had reached the proper stage, about 4—5 days 
after sowing, the cotyledons were removed with the point of a sterile knife 
after which the seedlings now about 1 cm high were put back into the 
test tubes. Here they were allowed to grow about 5 days without the 
addition of nutrient solution or accessory growth substances. When the food 
reserves, mobilized by the seedlings in the beginning of the germination 
from the cotyledons, were consumed, the plants ceased to grow. The 
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Fig. 2. Pea cultures, supplied with various growth 
substances after the removal of cotyledons. 

1. Control. 

2. Vitamin B complex +biotin +vitamin C. 

3. Vitamin C. 

4. Vitamin B complex +biotin. 


cotyledonless, starved seedlings were then treated with 1 ml of concentrated 
nutrient solution (equivalent to 10 ml of Hiltner’s nutrient solution), 
containing also 4 °/o sucrose, as a basic growth medium. In order to in- 
vestigate the growth-promoting effect of different substances, part of the 
seedlings received one or more of those substances added to the basic 
medium. The 10-day old seedlings were allowed to grow about a week in 
the test tubes and were then big enough to be transferred to the sterile 
culture vessels. They were then taken to the greenhouse where they were 
all so placed as to receive equal illumination. The sterile-culture method 
used in those experiments has been described in previous papers (13). 

The plants now received ordinary Hiltner’s solution to which was added 
the same quantity of growth-promoting substances per ml as for the first 
time in the test tubes, but no sucrose. The plants were allowed to grow for 
about 6 weeks in the greenhouse. The experiment concluded, the plants 
were weighed and measured and also usually the content of vitamin C in 
the fresh plant material determined. The results of a typical experiment are 
summarized in Table 1. 

An examination of Table 1 and Fig. 1 shows that the effect of vitamin C 
upon the plant, as well alone as in combination with vitamin B complex 
and biotin was very marked. The plants responded also, though more 
slightly, with increased growth to a combination of vitamin B complex and 


90 SYNNÖVE SAUBERT-V. HAUSEN 


Table 3. The growth in vitro of excised, etiolated pea embryos upon media containing 
various accessory growth substances. Each figure represents the average value of the 
weight, the length and vitamin C content of 50 embryos. 


| Average fresh | Average length | Vitamin C per 
Substance i weight of one | of one shoot, 100 g fresh 
embryo, mg mm matter, mg 
| 

| Water (control) a3 ee 68 26 | 17 
Vitamine complet ee. | 80 30 | 19 
Vitamin B complex + biotin ............ | 99 38 | 24 
Vitamin GC Peer Se raed dans 148 12 | 29 
| Vitamin B complex--biotin-- vitamin | 187 80 | 28 
Normallembry0s zn... | 987 152 | 22 


biotin, without vitamin C. It might be expected that the combination of 
several of the accessory growth factors would cause additional growth respon- 
ses. This is indeed, to a great extent the case. Nevertheless, these additions 
by no means produced such specimens as could compare with normally grown 
plants. Only those plants which had received vitamin C developed normal 
blossoms. — Another similar experiment gave concordant results (Fig. 2). 

Table 2 and Fig. 3 show the results of experiments in which the most 
important of the factors of the vitamin B complex were tested, separately 
as well as the complete complex, and also in combination with vitamin C, 
biotin and yeast extract. The most striking fact in this case is, that the 
addition of yeast extract further increased the effect of the combination of. 
the vitamin B complex and biotin, although the growth-promoting effect 
of yeast is attributed to precisely those substances. Virtanen and v. Hau- 
sen (12) have earlier pyoved the growth-promoting effect of yeast extract 
also on normal pea plaats in sterile nutrient solution. It may be that the 
favourable effect of ygast extract on the cotyledonless plant is caused by 
its amino acid content. White (14) established that many of the amino acids 
are necessary for the growth of isolated tomato roots. 

Vitamin K produced no growth-promoting effect on plants itt above 
described experiments. 

Parallel with the above experiments others were performed in which the 
method of culture in vitro of excised embryos, worked out by J. and D. Bon- 
ner (4), was used with, however, the substitution of test tubes for Erlen- 
meyer flasks. The pea embryos were removed from the cotyledons after 
the peas had been soaked in water for six hours. The excised embryos were 
transferred to test tubes with a sterilised nutrient medium, containing all 
the necessary inorganic salts, as well as 4 °/o sucrose, and in addition, those 
substances which were to be tested for their growth-promoting effect. By 
means of a sterilized platinum loop, the embryos were placed so as to stand 
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Fig. 3. Pea cultures, supplied with 
various growth substances after the 
removal of cotyledons. 


Control. 

Vitamin By. 

Biotin. 

Pantothenic acid. 

Vitamin Bı+biotin. 

Vitamin Bı+biotin+yeast extract. 
Vitamin B complex +biotin. 
Vitamin B complex+biotin+yeast 
extract. 

Vitamin B complex +biotin + vita- 
min C+vitamin K. 

Vitamin B complex+biotin+ vita- 
min C. 

Normal plants. 
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erect in the tube, with the root forced into the agar. One excised pea embryo 
was grown in each tube. All cultures were grown in the dark at a temperature 
of 22° C. The embryos grew quickly and after about a week the difference 
between the treated embryos and the controls was obvious. After four weeks 
the experiments were ended. The embryos were measured and weighed and 
their content of vitamin C usually determined. The results of a typical 
experiment are illustred in Table 3 and Fig. 4. 

The results of the experiments with cultures of excised embryos agreed 
in general with the experiments carried out with cotyledonless plants, grown 
in light in sterile nutrient solution. The latter, nevertheless, showed results 
more clearly, as is evident by comparing Tables 1 and 3, as well as Tables 
2 and 4. 

According to J. and D. Bonner (4), the variety of pea used in the experi- 
ments is of great importance. The variety Torsdag pea, of Svaléf, used in 
all above experiments, responded vigorously when supplied with vitamin C 
and other growth substances. Seeds weighing 190—200 mg were selected 
for the experiments. 

The concentrations of the different growth substances used in above 
experiments, as well with excised embryos as with in light grown cotyledon- 
less plants, were as follows: The optimum vitamin B, concentration was 
found to be 2,5 y per test tube, optimum for B, was 2 y, for B, 2 y, for 
nicotinic acid 2 y, for pantothenic acid 1,5 y, for inositol 1,5 y, and for 
para-amino-benzoic acid 2 y. The optimum vitamin C concentration was 
about 1000 + per test tube, optimum for biotin 0,25 y and for dried yeast 


extract 1000 y. 
Vitamin C was determined by the method worked out by Erkama (5). 
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Table 4. The growth in vitro of excised, etiolated pea embryos upon media containing 
various accessory growth substances. Each figure represents the average value of the 
weight and the length of 50 embryos. 


Average fresh | 

Substance weight of one ee | 

embryo, mg | 
Water (COntrol) nu... 57 20 

VitamineBe eee een een Res Mole ee 63 24 | 

BIOHT ee eee ee 66 26 

PP ATICOLME MICE ACIER ee ae ol 28 | 

Vitamin Bye biotin: en ee. 83 31 | 
Vitamin B, + biotin + yeast extract.........-........ 85 36 
Vitamin-B complex -biotin ...:...................... 130 53 
| Vitamin B complex + biotin + yeast extract...... 148 68 
Vitamin B complex + biotin + vitamin C ......... 177 78 
Vitamin B complex+-biotin+-vitamin C+ vitamin K 170 77 
Normal etiolated seedlings .............................. 1123 155 

Discussion 


In summing up the results of the experiments with pea embryos 
grown in the dark, and with cotyledonless pea plants in light (in sterile 
nutrient solution), we come to the conclusion that the latter method 
is better suited for experiments, where the growth response of plants to 
different accessory growth substances is to be compared. The effect of 
the added substances is, in the latter case, much more apparent than in 
the case with the embryo cultures. A growth substance, like vitamin B, 
which was able to promote the growth of the isolated embryos to a great 
extent was not able to carry the light-grown cotyledonless plant over the 
dwarf stage, whereas e.g., vitamin C which caused with isolated embryos 
only slightly more growth response than vitamin B,, carried the cotyledon- 
less plant well beyond the stunted dwarf stage very close to normal growth. 
Observations — for instance, that vitamin C seems to affect also the differen- 
tiation of the plant, so that normal development of blossoms is attained by 
cotyledonless plants only if they were treated with vitamin C — naturally 
do not come into question in experiments with etiolated excised embryos. 
The latter cultures are, on the other hand, suitable for investigating the 
difference in growth response in the root and in the shoot of different 
accessory growth substances. 

Before experimentation one might assume that the effect of such vita- 
mins as are synthesized in the plant by the influence of light, could be 
tested only on etiolated embryos. Nevertheless, it is shown that also the 
cotyledonless plants grown in light respond violently to such substances. 
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Fig. 4 Embryo cultures, supplied with various growth 
substances. 


Vitamin B complex+biotin+ vitamin C. 
Vitamin C. 

Vitamin B complex +biotin. 

Vitamin B complex. 

Control. 


Penn 


[SA 


Obviously those plants somehow lose their ability to synthesize sufficient 
amounts of necessary growth substances, through the removal of the 
cotyledons, and as a consequence respond favourably to those substances 
when they are added to the nutrient solution. In the completed experiments 
it is shown that the effect of the various growth substances give an added 
growth-promoting effect in plant development when simultaneously admi- 
nistered to the plants. Tables 1, 2, 3 and 4 show this clearly. 

The influence of vitamin C was strongest in all the experiments. 

Probably there are many other substances whose presence in the com- 
bination of growth substances could bring about a decrease of the difference 
between treated and normal plants in the above-mentioned experiments. 
Yet if all the essential growth substances were present in the nutrient solu- 
tion, it is very likely that the cotyledonless plants would not grow as well 
as the normal. It can be assumed that the embryo is not able to absorb 
them all through the roots, but that some of them necessarily must be 
supplied to the embryo through the intermediation of living tissue. 

The fact that the treated cotyledonless plant, though much more vigorous 
than the controls, always remained inferior to normal plants may be 
ascribed to an insufficient addition of the growth substances used. This, 
however, is unlikely since a larger amount of growth substances, did not 
cause a promoted growth, nor did smaller amounts; wherefore it must be 
considered that the amounts administered were just right. 

Furthermore, there has been obtained in the past few years definitive 
evidence showing that there are several other organic substances important 
for the growth of higher plants. No detailed knowledge of their mode of 
action has yet been obtained, and there remain surely several other sub- 
stances to be investigated and assigned their place in the process necessary 
to the complicated phenomenon we call growth. 


94 SYNNÖVE SAUBERT-V. HAUSEN 


Summary 


By simultaneous administration of several growth substances additional 
growih response was obtained on pea plants whose cotyledons were removed 
4—5 days after sowing, and which were grown in light. Those additions 
were, nevertheless, unable to produce plants comparable with plants nor- 
mally grown. 

Most of the factors of the vitamin B complex, biotin, yeast extract and 
vitamin C, showed growth-promoting capacities. The strongest growth- 
promoting effect was obtained by vitamin C, which alone caused flowering 
in cotyledonless plants. 
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I. Introduction 


The development of a flower is represented in figure 1. On the expanded, 
hemispherical apex of the flower stalk whorls of small warts arise in acro- 
petal succession. These are originally uniform, but develop later on in a 
different way into sepals, petals, stamens and carpels. On Ihe flower axis 
there must consequently exist a determination pattern, which determines 
the development of the primordials in definite places on the flower axis, 
and their subsequent growth in definite, regular, but mutually different 


ways (fig. 2). 
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Fig. 1. Development of 
the flower of Gaura. m 
bract, f bractlets, b se- 
pals, k petals, st stamens, 
f (in H and I) carpels 
(Payer). 


Thus it is characteristic for the development that each individual cell 
develops as it must develop, when the very complicated structure of the 
adult organism is to result, or, in other words, the structure of each indi- 
vidual cell is determined by and adapted to the place on the organism where 
it develops. 

Such a formulation is of course only a characterization of the morpho- 
genetic processes, no explanation. When one tries to consider fully the depth 
of the problems involved in morphogenesis, it is doubtful whether it will 
be at all possible to solve them. If, however, it were possible to prove that 
chemical or structural differences are found in the differentiating cells, 
which might be interpreted as the cause of the heterogeneous development, 
it would be a step further towards the understanding of these problems. 
The demonstration of such differences involves great difficulties, because 
they arise within the cells, and are therefore difficult to analyse. 

In plants, however, we find pathological, complicated structures caused 
by parasitic animals, namely galls. The morphogenetic processes leading to 
the development of galls are far more easily accessible for analysis than 
the processes which take place during the development of natural plant 
organs, as the cause of the gall formation, namely the insect larvae, is in 
certain cases originally found outside the plant. It is therefore possible that 
an examination of gall formations might lead to a somewhat closer under- 
standing of the natural processes of morphogenesis in the plants. 


As an example of a plant gall may be mentioned a gall found on the upper 


FORMATION OF GALLS BY MIKIOLA FAGI 97 


side of beech leaves, and produced by the gall-gnat 
Mikiola fagi. The development of this gall was exam- 
ined by Büsgen (1895) (fig. 3). 

At the end of March or at the beginning of April 
we find on the edges of young beech-growths, either 
on or immediately below the terminal bud of branches 
placed not more than 1,5 to 2 m above the ground, 
mainly on the lower side, small, oval bodies, the size 
of a pinhead and of a bright red, luminous colour; 
they are eggs of Mikiola fagi. After some time the eggs Fig. 2. Determination 
are hatched, and in the course of a few hours the larva 2 An ne Le oe 
EE out on to the tip of the bud. In spite of their hs lie at the Set 
seemingly delicate form they are still able to force intersection of the 8 
their way in between the hard, tightly compressed bud radii and the concen- 
scales, and then they creep deep down into the bud tri circles. 
and fasten themselves beside a nerve on the lower side 
of one of the young, still unfolded leaves. When the bud begins to 
develop the larva likewise begins its activity; the consequence of the 
latter being the production of numerous cell divisions in a circular 
part of the blade. The latter arches slightly upwards, forming a flat 
cup with the opening downwards, inside which the larva can be seen 
moving about. The cells on the edge of the cup simultaneously begin 
to elongate greatly downwards and inwards, thereby forming a conic body 
with a canal in the middle which finally closes. In this way the cup is 
closed at the bottom. The cells in the roof of the cup continue to divide, 
and the resulting cells will elongate. Gradually the cup rises over the upper 
side of the leaf and develops into a pointed, hood-shaped gall consisting of 
a comparatively thin wall surrounding a large cavity, the larva cave. The 
wall mainly consists of parenchymatic, somewhat elongated cells: the out- 
‘most layers have somewhat thickened cell walls, whereas the inmost have 
thin walls. In between the parenchymatic cells there are vascular bundles 
through which the gall is provided with water. The larva lies inside the 
cave. It is important to note that the larva does not penetrate into the leaf; 
the wall of the gall is a- part of the original blade. It is not quite clear how 
the larva is nourished. Very likely it punctures and squeezes the cells on 
the innerside of the gall, licking up the juice. Towards autumn it is fully 
grown, and pupates. The pupa lies inside the cavity of the gall, which is 
closed on all sides; the gnat developing in the following spring would there- 
fore be unable to get out, if a special opening for exit were not formed. 
This is done in the following way: at the time of leaf-shedding the cells at 
the base of the gall begin to elongate. A separation layer is formed, which 


7 
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Fig. 3. Gall of Mikiola fagi on leaves of Fagus silvatica; at the left young gall, at the 
right full-grown gall, a separation layer (Büsgen). 


is easily torn, so that the gall falls off, leaving a ring-shaped mark on the 
upper side of the leaf. Through the opening appearing below when the 
gall falls off, moistness might easily enter the gall and kill the pupa. This 
difficulty is likewise taken into account; before the larva pupates, it has 
closed the bottom of the cäve with a web, which is situated a little above 
the surface of the leaf. In this gall the larva hibernates among the leaves 
on the forest ground; the web is sufficient for preventing water from 
entering the gall during the winter, and it is easily pierced by the gall- 
gnats, males and females, developing from the pupae in March—April of 
the following year. After mating the female lays its eggs, 200—300, on the 
unfolded beech buds, thus completing the cycle. 

When regarding the gall, the development of which is described here, 
the following two facts are outstanding. The gall is of no use whatever to 
the beech, on the contrary it does some damage by restraining the assi- 
milatory activity of the leaf and by involving a consumption of substance 
for the gall formation. On the other hand the gall is of conspicuous im- 
portance to the gall animal, serving primarily as a habitation for the larva, 
which is thereby protected against unfavourable external conditions, de- 
siccation, enemies, and so on. In some way or other it also supplies food 
for the larva during its development. 

Since the gall offers a series of characteristic constructive conditions 
completely without importance to the plant, but of the greatest importance 
to the insect the problem arises how it is possible for the gall larva to force 
the plant to produce this structure so suitable to itself. In this connection 
it is important that different wasps are able to produce morphologically 
different galls on the same organ, for instance an oak leaf. The formation 
of galls is therefore specific, determined by the effect emanating from the 
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insect in question. It is therefore improbable that the cause of the formation 
of galls should be of an exclusively mechanical nature, such as it has 
been supposed. It is difficult to imagine that mechanical injuries should 
be able to produce so complicated and heterogeneous formations. It is far 
more probable that the formation of galls is due to the effect of substances 
secreted by the larvae. As the gall is built by cell growth, embryonic growth 
as well as cell elongation, there is some reason to suppose that the gall- 
forming substances are of the same nature as the growth substances known 
from higher plants. The author has therefore examined the possibility 
of a secretion of growth substances from the gall larvae. These investi- 
gations were begun as early as in 1936; they have covered such a long 
time due to the fact that they can only be made for about three weeks every 
year, from the middle of April till the beginning of May. 


II. Experimental Material 


Beech leaves. As material was partly used cut-off branches which were 
supplied with water and partly young beeches planted in flower pots. At 
the start of the experiment the buds must be completely closed, but an 
incipient growth should be observable. After removing the bud scales the 
second or the third leaf was exposed and used for the experiments. The 
hairs on the experimental leaf were partly removed with a pair of scissors, 
without damaging it. 

Gall larvae. The next problem was to obtain a large number of eggs from 
gall-gnats. The eggs had to be easily procurable, if possible in the neigh- 
bourhood of the laboratory. As the Mikiola fagi gall is not found in the 
Botanical Garden an effort was made to introduce it on young beeches there 
and to obtain it in far larger numbers than in nature.. As mentioned above, 
the gall larva is protected against many enemies because it lives inside the 
gall, but there are still som enemies able to attack it, namely a certain kind 
of ichneumon flies possessing an ovipositor, by means of which they can 
insert an egg into the gall. The larva of the ichneumon fly then kills the 
larva of the gall-gnat, so that in the autumn a black wasp pupa is found 
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& Fig. 5. Tumour caused by a larva 
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inside the gall instead of a red gnat pupa. In certain places so many galls 
have been attacked that we must consider that ichneumons play an im- 
portant role in limiting the number of galls. It was now the intention of 
the author to introduce the gall-gnat, but not the ichneumon fly into the 
Botanical Garden, for thus to obtain a far larger number of galls on the 
leaves than in nature. In order to get gall gnats for implantation, a number 
of beech leaves with galls were collected in the autumn, and these were 
hibernated in the open air, some dryly, and others as far as possible under 
natural conditions. In March all the galls were opened, and the galls 
containing ichneumons were sorted out. The gnat pupae were hatched, 
yielding 21 © and 84 ® which were placed on young beeches in the Garden. 
When each female is estimated to lay 200—300 eggs, one might expect the 
formation of a considerable number of galls, even if a large percentage 
loss must be reckoned with, but, not a single one resulted. It was there- 
fore necessary to collect all the eggs in the forest, some care always had 
to be taken so as not to exterminate the galls at the places in question. 
The branch tips with the eggs were kept in cold-storage at 7—8°; at this 
temperature it is possible to keep them alive for several weeks. 

When one wants to hatch the eggs, they must be loosened from the beech 
branches with a soft brush and placed on moist filter paper in a Petri dish 
at room temperature; when the eggs are newly laid the hatching lasts 2 
or 3 days, later on 24 hours only. Under favourable conditions about 
70—80 percent of the eggs become larvae. 

The larva has no legs. Among the inner organs the intestinal tube is 
especially remarkable for its incessant peristaltic movements. The larva 
resembles most of all a motile gut, but on closer observation it soon appears 
that its reactions are of a very complicated nature. When the Petri dish 
in which the larvae are hatched is exposed to unilateral light, the larvae 
move towards the light; consequently they are phototactic. This reaction 
is presumably of importance in leading the larvae to the tip of the beech 
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Fig. 6. Normal young gall. X 40 


bud, which in nature generally turns towards the light; it is on the tip that 
they force their way into the bud. 


IH. Experiments 
A. Identification of the Eggs from the Beech Buds 


First it was necessery to ascertain that the eggs found on the beech buds 
were actually eggs from Mikiola fagi. 


Experiment 1. Some eggs were placed on the buds of a beech plant in a flower 
pot in the Botanical Garden, where no Mikiola insects are fcund, and the buds 
were enclosed in a vial with moist filter paper. Typical Mikiola galls then came 
forth on the leaves developed from the buds. 

Experiment 2. The question was then investigated, whether the larvae were 
capable of producing galls when placed directly on the young leaves. It might 
be supposed that the gall forming activity of the larva would possibly be released 
by contact with or by smell from the beech leaves. It soon appeared that such a 
supposition was incorrect. Leaves of a bud on a beech plant in a flower pot were 
prepared free. When the larvae were placed on such leaves, they did not settle, 
but moved about dazedly. The larvae, however, were forced to form galls in the 
following Way. At the lower end of a glass tube of 6—7 mm, with a diameter of 
1,6 mm, a plug of non-absorbent cotton was placed; 10—12 larvae were placed 
on this plug, and the glass tube was then fixed to the lower side of a young beech 
leaf with a ridge of 3 per cent agar round the base of the tube, so that the larvae 
were held tightly between the surface of the leaf and the cotton plug. The larvae, 
which were supplied with air through the plug, and were unable to move away 
from the place, now attacked the leaf, and normal galls were formed. The formation 
of galls is evidently a link in a chain of instinct reactions, every single link of which 
is released by the preceding one. When under normal conditions the larva begins 
its gallforming activity, it is held tightly between the young beech leaves; this 
position was imitated in the. above experiment with the cotton plug in the glass 
tube, and perhaps it is this pressure which releases the gall-forming activity. 
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Fig. 7. Tumour caused by paste on which 
larvae have been lying. X 135 


B. Influences of the Gall Larvae on the Beech Leaves 


The next step was to ascertain by which means the larva causes the gall- 
formation. These means can either be of a mechanical or of a chemical 
nature. 


1. Mechanical influences 


Experiment 3. In young galls, open at the bottom, the larva may sometimes be 
seen to make strong pulsating movements. The possibility therefore existed that 
the stroke of the larva against the beech leaf might be of importance to the 
formation of galls. In order to test this possibility a young beech leaf was exposed 
to the strokes of the dull end of a thin glass tube bent at a right angle, and driven 
by the electromagnet from an electric bell. Neither secretion of fluid from the 
leaf, nor morphologic alterations in the leaf resulted. 


2. Chemical influences 


The only other possibility was that the formation of galls was caused 
by substances given off by the gall larva. Many different experiments 
were made to prove that substances are given off by the larva, which will 
influence the growth of the beech leaves. Of these experiments only those 
which gave positive results will be mentioned here. 


a. The larvae in direct contact with the leaf (Exp. 4) 


Experiment 4. This experiment was made in a way similar to experiment 2. The 
larvae were placed in a tube with cotton, in direct contact with the lower side of 
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Fig. 8 Tumour with meristematic 
tissue caused by paste on which lar- 
vae have been lying. X 130 


the leaf. Cut-off branches were used, and the experiment lasted 20 days. No 
formation of galls resulted, such as in exp. 2, whereas numerous thickenings of 
the blade were seen. In a little protuberance a distinct formative tissue was found. 
One of these thickenings is reproduced in fig. 4. 


b. Trapping Experiments (Exps. 5—7) 


The objection may be made to exp. 4 that,the larva has been in direct 
contact with the leaf; even if it is utterly improbable, the possibility cannot 
be completely disregarded that mechanical influences may have played 
a certain part. It was therefore important to show that the larvae were 
able to cause morphological alterations in the leaf, even if they were not 
in direct contact with the latter. 

The principle of these experiments was to place the larvae on a substrate, 
in which the substances secreted by the larvae might be trapped, and from 
which they might be transferred to a young beech. leaf. As it is well known, 
Laibach has proved that a paste made of lanolin (or protagin) and water 
in which substances producing cell elongation are dissolved is capable of 
producing curvatures when smeared unilaterally on an Avena coleoptile. 
In experiments with gall-forming substances a similar method was used. A 
paste was made of 0,5 g of lanolin (or protagin) +0,5 ccm of sweet wort+ 
0,5 g of talc. When placed on this paste most of the larvae crawled away, 
when the temperature was high, but when the temperature was 7—8°, 
many of them remained on the paste, and partly dug into the latter. 


1. Larvae+Paste on the Leaf (Exp. 5) 


Experiment 5. This experiment was made in the following way. On buds of 
cut-off branches the third or the fourth leaf was prepared free. The hairs were 
removed with a pair of scissors. Near the base a thin layer of paste, of the com- 
position mentioned above, was applied, and on the paste Mikiola larvae were 
placed. The bud was enclosed in a vial with moist filter paper, and the branch 
was placed in a temperature of 14—15°, and later on of 18—20°. The experiment 
lasted 13 days. A tumour appeared on the leaf beside the main nerve, probably 
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Fig. 9. Papillae on control leaves. X 135 


caused by a single larva, which was lying on the paste at the end of the experi- 
ment. In the upper part of the leaf the tumour consists of an extremely small- 
celled tissue that must have been produced by embryonic growth in connection 
with numerous cell divisions of the leaf tissue. In the tumour is seen a cavity in 
the shape of a canal opening out on the lower side of the leaf; around the opening 
of the canal an elongation of the cells has taken place (fig. 5). 

A comparison with fig. 6, representing a section of a young, normal gall, shows 
that the anatomical alterations which have occurred in the experiment, namely cell 
divisions in the upper part of the leaf, and cell elongation in the lower part of the 
leaf, are of a similar kind as in the normal gall formation, but there is the funda- 
mental difference that no larva cave has developed in the tumour of the experi- 
ment. The canal found in the tumour is so narrow that there is no room for a 
larva; at any rate it cannot move about. Consequently the anatomical alterations 
in the tumour are not arranged regularly in relation to each other, as in the normal 
gall-formation.! 

Control experiments. Paste was applied to the leaves in the same way as in the 
experiments proper, but without Jarvae; no morphologic alterations of the leaves 
resulted. 


2. Only paste on which larvae had been lying on the leaf (Exps. 6—7) 


In experiment 5 the gall larva was separated from the leaf by a thin 
layer of paste. It would be of great importance, if it were possible to pro- 
duce tumours on the beech leaf by the application of a paste, on which 
larvae had been lying some time before, so that there were no larvae 
whatsoever on the experimental leaf. 

Experiment 6 was made in the following way. Cut-off branches were used. Two 
lumps of paste of about 1 mm in diameter, I and II, were placed on a slide: 20 
larvae were placed on I. After 20 hours the larvae were moved to lump II (if some of 
them had died, they were replaced by living ones), and lump I was placed on 
the lower side of an exposed leaf. After the course of another 24 hours, lump I 
was returned to the slide, the larvae were moved from II to I, and lump II was 
placed on the beech leaf for the next 24 hours and so on. During the experiment 
the buds were enclosed in a vial with moist paper, so that the air surrounding the 
bud was saturated with moisture. The experiment was carried on in this way for 
22 days. A control experiment was made simultaneously in a corresponding way, 
but without larvae. 


1 Besides the normal gall formations, abnormal gall formations may likewise be found 
in nature; but they all have a pronounced larva cave, even if the latter is not always 
so large as in fig. 6. 
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At the end of the experiment, the nerves of the 
experimental leaf had acquired a rather strong brown 
tinge, and on one of them a narrow, high, macro- 
scopically visible ridge was found near the edge of 
the leaf; a section through this ridge is seen in fig. 7 
A nerve extends through it, and it is far larger than 
the papillae mentioned below. Several tumours had 
also developed in the leaf beside the main nerve. One 
of these tumours is rendered in fig. 8. The epidermis 
on the lower side had partly been broken off; in the 
central part of the tumour there was a cavity, and above 
the latter was seen distinct meristematical tissue. 

Near the edge of the blade on the control leaf there were small papillae (fig. 9). 
The tumour described above differs from these papillae in the following respects: 
it developed in a place where no pathological formations were found on the control 
leaf; it appeared as a thickening of the leaf, and not as a papilla, it contained a 
distinct meristematic tissue. 

Experiment 7. The experiments belonging to this series were made in a similar 
Way as in experiment 6, but beeches growing in flower pots were used for the 
experiments; the paste was placed on the right side of the lower side of the 
experimental leaves. The series contains 2 experiments in addition to the cor- 
responding control experiments. In one of the experiments there were always about 
90 living larvae on the lump of paste while it remained on the slide, in the other 
about 50. The experiment lasted 16 days. During the unfolding of the leaf in both 
experiments the half of the leaf on which the paste had lain began to grow at 
a much earlier time than the other half, so that both leaves became asymmetrical 
(fig. 10). The control leaves with paste without larvae developed quite sym- 
metrically. 


Fig. 10. Unilateral growth 
caused by paste on which 
larvae have been lying. 


IV. Discussion 


Besides the experiments mentioned, many others were made with nega- 
tive results. It is on the whole very difficult to reproduce the experiments, 
because their results are strongly influenced by a series of conditions, for 
instance the rate of development of the buds, the atmospheric humidity, 
the temperature, and so on, which are difficult to regulate. The morpho- 
logical alterations seem to arise most easily on leaves in buds of cut-off 
branches. The decisive factor concerning experiments of this kind, how- 
ever, must be whether it is at all possible to obtain positive results, and in 
the opinion of the author, this has been the case. 

The esseitial source of error in connection with the experiments is 
presumably that they were not made aseptically; however, in each case 
controls were carried out, under conditions as similar as possible to those 
of the actual experiments. Apart from the papillae, mentioned in experi- 
ment 6, which were not due to the paste, morphological alterations of 
the leaf never appeared in the control experiments. Therefore, this source 
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of error was not considered of any importance. It would hardly be possible 
to perform these experiments under sterile conditions. 

From the experiments reported it appears rather certain that the gall 
larvae secrete substances which may act in.2 different ways. 

1. They may cause cell divisions. This is seen especially in experiment 5: 
where at a great distance from the lower side of the leaf there was a rather 
small-celled tissue, formed by cell divisions. As the larva cannot have been 
in contact with this tissue its formation can only be due to substances 
secreted by the gall larva. These substances have diffused through the 
paste into the leaf and through the latter to the upper layers of cells in 
the leaf. The experiments 4 and 6, in which tumours containing meristematic 
tissues have arisen, likewise show that the larvae secrete substances which 
may cause the cells in the leaf to divide. 

2. The substances may further cause an elongation of the cells of the 
beech leaf, producing an increase of the leaf area. This is clearly seen from 
experiment 7, in which there have been no larvae directly on the leaf. 

It is difficult to say whether different substances are secreted by the 
larvae, or whether different concentrations of the same substance cause the 
effects mentioned above. 

The objection to the results of the experiments will presumably be raised 
that the resulting anatomical and morphological alterations have no 
resemblance to natural galls, but no such resemblance should be expected. 
It is highly improbable that any substance exists which by mere application 
is capable of causing the formation of galls. One must assume that the 
formation of galls by Mikiola fagi is caused by the fact that, guided by its 
instinct the gall larva secretes these growth substances in definite places 
on the beech leaf and in the gall, thereby making the latter adopt its special 
form, just like the spider uses the secrete of its spinning glands to build 
a web. Thus the growth substances are tools, by means of which the gall 
larva models a gall from the cells of the beech leaf. This theory is supported 
by the fact that generally only animals are able to produce highly dif- 
ferentiated galls. 

The development of the gall probably takes place as follows: a seeretion 
of substances from the larva on a circular part of the lower side of the leaf 
near a nerve causes the cells of the latter part to divide considerably, the 
circular part thereby arching somewhat upwards, a secretion of substances 
at the edge of the cup-shaped part makes the cells elongate towards the 
centre, so that the cup is closed at the bottom; in this way an oval larva 
cave will result. Secretion of substances on the lower side of the roof of 
the larva cave causes continued cell divisions and especially cell elongations, 
and in this way the cup develops into a normal gall. Towards the leaf- 
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Fig. 11. Callus formations, a formed callus formation, b control experiment. 


shedding time the larva perhaps secretes substances at the base of the gall, 
making the cells elongate so that the separation layer is formed. 

We now possess growth substances, which influence the growth in em- 
bryonic plant tissues, for instance ß-indolyl acetic acid. If the above assump- 
tion is correct, it must be expected that by means of these growth substances 
we are able to model embryonic plant tissue. This has become possible to 
a certain degree. À hybrid, Nicotiana glauca X Langdorffii, which, as is well 
known, is very apt to form callus, was used for the experiments. In plants 
of this hybrid with 3—4 unfolded leaves, the apex was cut off, and 
the cut surface covered by a vial to protect it against desiccation. All the 
buds developing in the axillae were removed. The experimental plants were 
divided into 2 groups. In the control plants the callus that developed was 
rather small and evenly distributed all over the cul-surface (fig. I1b). In 
the second group it was attempted to give the callus formation a definite 
shape by means of a paste consisting of 20 mg of B-indolyl acetic acid per g 
of lanolin (sometimes with the addition of some tale). A little of this was 
applied twice a week to the site of the callus formation, where the Jatter 
was desired to grow. The paste proved to increase the growth of the callus 
considerably, and it was possible to a certain degree to make it grow in a 
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definite direction, so that the callus acquired the shape of a handle placed 
on top of the cut-surface (fig. 11 a). 

However imperfect these experiments are, they nevertheless prove that 
it is possible to regulate the growth of the callus by local influence of 
substances. There is nothing to prevent the assumption that the natural 
galls are a sort of callus, produced by the gall larvae by means of secreted 
substances, and that the shape of the galls is caused by the gall larvae 
secreting these substances in definite places and in different concentrations. 


V. Summary 


The author’s intention with this work was to investigate whether the 
larvae of Mikiola fagi secrete substances that may cause a gall-formation. 
The larvae were placed either directly on the leaf enclosed in a glass tube, 
or on a paste, consisting of 0,5 g of lanolin (or protagin) +0,5 g of wort+ 
0,5 g of talc. In other experiments a paste on which larvae had previously 
been lying, was placed on the leaf. 

It appeared that one or more substances were secreted by the larvae 
causing the following effects: 1) an embryonic growth and cell divisions 
2) a cell elongation. 

The morphologic alterations thus arising in the leaves bear no resemblance 
to the real gall but this could not be expected. One must assume the 
gall-formation to be caused by the larva which guided by its instinct secretes 
certain substances similar to growth substances in definite places of the beech 
leaf and in the gall, thereby making the latter adopt its definite form. Thus 
a special gall-forming substance does not exist. 
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Physiological studies on the mycorrhizal fungus Cenococcum graniforme 
(Sow.) Ferd. et Winge ! demonstrated that casein hydrolysate (N-Z-Case, 
Sheffield Farms Co, N.Y.) was a very good source of nitrogen. This obser- 
vation suggested that the effect of amino acids on the growth of this fungus 
should be determined. With various fungi investigated growth is improved by 
the addition of amino acids (Nielsen & Hartelius 1938, Schopfer & Blumer 
1943,- Robbins & Ma 1945), which indicates that the rate of amino acid 
synthesis may be limiting, as with many bacteria. The experiments reported 
below were carried out by using amino acids contained in casein in consider- 
able quantities. 

In our experiments the fungus was grown in liquid media in 200 ml Erlen- 
meyer flasks (Pyrex). The flasks were cleaned with a chromic-sulphuric acid 
cleaning mixture and thoroughly rinsed with tap water followed by distilled 
water. Each flask contained 20 ml of medium, and the growth was measured 
by weighing the dried mycelia. Each series comprised six parallel cultures. 
The growth experiments were carried out at 25° C. 


1 Cenococcum graniforme seems to be very common as sclerotium in forest soils in 
the temperate zone of the northern hemisphere (Ferdinandsen & Winge 1925), its mycelium 
forming mycorrhiza with various trees (Lihnell 1942). 


[109] 


110 ELIAS MELIN AND PEITSA MIKOLA 


The basal solution consisted of 


lueoser yore oa eee sic 20 g MnSO, (1 °/6 sol) 7 0.5 ml 
G5 A) 40 Sp. aera Lice CaCl, (0.1-m. sol.) ....,. 5 mi 
MO Oe oa 0.5 g Thiamine... 3.7 eee 50 y 
els (1 9/01) ne. 0.5 ml HO N PEN 995 ml 
ZnSO «(1 86:50). yo cya ots 0.5 ml 


Experiment 1. To the basal solution a casein hydrolysate, a mixture of 
amino acids, or single amino acids were added in quantities corresponding 
to 0.15 g of nitrogen to a liter. The duration of the experiment was 30 days. 


Table 1. Average dry weight of mycelium produced by Cenococcum graniforme in 30 days 
in a basal medium containing no nitrogen to which casein hydrolysate, a mixture of amino 
acids, or single amino acids were added. 


Source of nitrogen Dry gr Initial pH Final pH 
VON) nitrogemtascet. Nee 1.4 4.6 4.5 
oul eUCINON races 2 sree ae ne 5.0 4.6 4.4 
DE LV LOSING. en eee nee eee 12.7 4.4 4.0 
4\-Glutaminicsacid NE... Lee ee 8.3 4.9 5.0 
Denl-Brolinen ee Ont cote 1.8 4.6 4.5 
GA Vanessa eee 0.8 4.5 4.6 
Pe ATIINDINE Rn een een ee 20.7 4.6 3.6 
8a loHistidinecHClErne ee se 7.8 4.7 4.3 
OM LVSINe CN Er RE ee 341 4.3 4.0 
10. A mixture of amino acids!......... 13.7 4.7 | 4.7 
iit aGasein! thy drolysate sas. nenne 117.0 4.7 32 
ON OS DR ee 25.3 4.3 2.6 


1 The mixture contained all amino acids 2—9 in approximately the proportions found 
in casein. 


It was found that Cenococcum grew with any one of at least six of the 
amino acids tested as a source of nitrogen but no one was as good as 
(NH,),SO, and by far not capable of producing the same growth as an 
equal weight of casein hydrolysate (Table 1). Another experiment showed 
that glycocoll as a source of nitrogen is of practically no value, and aspartic 
acid produced nearly half of the dry weight produced by (NH,),S0,. The 
great difference between the dry weights produced by NH, and casein 
hydrolysate may partly be due to the fact that in the (NH,),SO,-series pH 
had gone down very unfavourably at a very early stage. In later experiments 
in which the nutrient solutions have been more strongly buffered, the dif- 
ference has been noticeably smaller, as e.g. in experiment 2. 
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Experiment 2. The basal solution was the same as in experiment 1. The 
nitrogen was given in varying proportions of NH,-tartrate and casein 
hydrolysate, the total amount in all series corresponding to 0.3 g of nitrogen 
to a liter. The duration of the experiment was 35 days. 


Table 2. Average dry weight of mycelium produced by Cenococcum graniforme in 35 days 
in a nutrient solution containing, as a source of nitrogen, varying amounts of NH4-tartrate 
and casein hydrolysate. 


m ee Er ee 
Nitrogen given as 


No Dayo NEIERS Initial pH Final pH 
NH,-tartrate Casein hydrolysate mg 
112 1/1 — 84.3 4.9 3.3 
PE 5/6 1/6 92.6 4.7 3.0 
ar 2/3 1/3 95.0 4.6 2.8 
4. 1/3 2/3 124.9 4.8 2.9 
de 1/6 5/6 139.2 4.8 Sal 
6. _ 1/1 99.4 4.4 3.8 


At the end of the experiment, testing by Nessler’s reagent showed that 
in series 5, NH, had disappeared entirely, the reaction being very weak in 
series 4. 


It will be seen from Table 2 that NH,-tartrate, as a source of nitrogen, 
was almost as good as an equal amount of casein hydrolysate, although an 
equal weight of both casein hydrolysate and NH,-tartrate combined in 
certain proportions was much more beneficial than each of them alone. It 
seems probable that the active substances in casein hydrolysate were amino 
acids. 


Experiment 3. Each of fourteen amino acids was added in 1.0 mg 
quantities per flask to the basal solution containing NH,-tartrate of an 
amount of 5 g to a liter. The hydrogen-ion concentration was adjusted to 
pH 4.5. 

It seems obvious (Table 3) that at least three amino acids individually 
tested had a stimulating-effect on the growth of Cenococcum, that of histidine 
being the strongest. This beneficial effect may be due to an inability of the 
fungus to synthesize some indispensable amino acids from ammonium salts 
as rapidly as they are needed for optimum growth. It might be assumed 
that a mixture of certain amino acids, in combination with ammonium 
tartrate or another ammonium compound, would be a superior source of 


nitrogen for Cenococcum. 
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Table 3. Average dry weight of mycelium produced by Cenococcum graniforme in 25 days 
in nutrient solutions containing, as sources of nitrogen, NH,-tartrate plus various single 
amino acids. 


Addition Dry weight mg Final pH 
1. No amino acid ............ 39.5 4,1 
2. dl-x-Alanine ....… amet 34.4 4.1 
3. l-Arginine 2. me 51.0 4.0 
4. l-Asparbienacid nn 46.9 4.0 
OTPISC Stine ee ere 36.5 4.1 
6. 1-Glutamic acid ............ 38.3 4.1 
Tay GlyCocoll RE SP ease = 46.0 4.1 
8. l-Histidine HCl ..... ...... 68.1 3.9 
93-Leucine =. 2. ee 46.9 4.0 
10. d-Lysine (HCl), ............ 57.4 4.0 
11. dl-Methionine ..............- 55.7 4.0 
12) 1-Prolneseir ren 37.8 4.1 
13. 1-Tryptophane ............... 41.0 4.1 
Hae IS yrosmene se ner 38.8 4.1 
NAS VANNES re 50.2 4.0 
16. Casein hydrolysate, 1 mg. 56.8 4.0 
1078 » » 2 » 66.5 3.9 
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Introduction 


In previous papers (Gabrielsen, 2, 3, 4, 1935 to 1940) investigations have 
been reported on the effects of different light qualities on photosynthesis in 
leaves from three species of dicotyledoneous plants. 


The experiments were carried out with three qualities of light, viz., violet-blue 
rays from À 400 to 500 mp, green-yellow rays from À 500 to 600 my and orange-red 
rays from À 600 to 700 my, which were isolated from the radiation of the sun or 
incandescent electric lamps by means of spectral filters. The energy distribution of 
the filtered light from an Osram projection lamp (1500 Watt) is shown in fig. 1. 
The radiation falling on the upper side of the leaves was determined with a selenium 
barrier layer photocell/milliampèremeter-system calibrated to measure the photo- 
synthetic active light energy in absolute units. The rates of photosynthesis (P) were 
measured at 20° C using the continuous gas-stream method of Boysen Jensen, in 
such a way that the carbon dioxide factor was at optimum. In order to obtain an 
accurate determination of the wave-length effect, the rate of photosynthesis was 
measured at different intensities of radiation, ranging from 0 to 200 cal per dm? 


per hour. 
From the photosynthesis curves thus obtained, the relative effect of the 


wave-length 


(1) Q; 3 


~ Pon 


was estimated by reading the photosynthesis rates from the graphs for a 
given intensity of radiation, using the rate for orange-red light (Po,) as unity. 


[113] 
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Fig. 1. Energy distribution in 
filtered electric light (Osram 
projection lamp). VB, violet- 
blue light; GY, green-yellow 
light; OR, orange-red light. 


The intensity, at which the readings were taken (40 cal/dm’hr), was chosen 
so low that no factors other than the wave-length were affecting the ratios 
between the rates of photosynthesis. 

The main results of these investigations, reproduced in Table 1, led to 
the conclusion that orange-red light is the most efficient in producing photo- 
synthesis in green leaves, green-yellow light having lesser, and violet-blue 
light the least efficiency. 

Considerations based on Einstein’s photochemical law of equivalence 
(quantum theory) confirmed this conclusion (Gabrielsen, 4). Calculations by 
means of the spectral absorption curve for green leaves (Pelargonium zonale) 
indicated that the photosynthetic activity of these organs might be expected 
to be gradually lowered with decreasing wave-length of the light. 

The curve for Pelargonium zonale was the only spectral absorption curve for 
leaves known up to 1940. However, investigations by Shull (13) and Seybold (9), 


among others, on light reflection and transmission with leaves from other species, 
seemed to indicate that this curve was representative for all kinds of green leaves. 


The superiority in efficiency of the orange-red and green-yellow lights 
over the violet-blue light, demonstrated in the experimental results, became 
still better understood when it was realized that the inactive absorption 
(absorption not utilized in photosynthesis) is greater in the violet-blue light 
than in other parts of the spectrum. Similar calculations based on the 
absorption power in thalli of green algae, showed, on the other hand, that 
the spectral photosynthesis curve in these thin, chlorophyll-poor organs could 
be expected io have two maxima, one in red, and another in violet-blue light. 

A review of the literature showed that the results of the various investi- 
gators who had worked with sufficiently weak light intensities were, with 
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Fig. 2. Spectral photosynthesis 
curves. 1, dense Chlorella sus- 
pension (calculated from data 
of Emerson & Lewis); 2, wheat 
leaves (Hoover); 3, Ulva lac- 
tuca ‘(Levring). 


only one exception, in agreement with this theory: all workers experimenting 
with thin organs (thalli and filaments of green algae) or weak suspensions 
of monocellular algae, observed spectral photosynthesis curves with two 
maxima, and all experiments in which foliage leaves or dense algae sus- 
pensions were used, gave curves with only one maximum in red light. 

The exception was found in a paper published by Hoover (5). His experi- 
ments were performed with intact wheat plants which were cultivated 
entirely in artificial light from incandescent lamps. For photosynthesis 
determinations the plants were illuminated from four sides with light filtered 
through Christiansen filters. The results were checked by means of experi- 
ments in light from isolated lines of the mercury arc spectrum. 

Hoover’s results are reproduced in fig. 2, curve 2. In contrast to the results 
obtained with foliage leaves by Gabrielsen, they show a double-peaked curve 
indicating a principal maximum at X 655 my in red, a secondary one at 
À 440 my in blue, and a broad minimum in green light. 

Looking for the cause of this discrepancy Hoover pointed out that the 
filters used by Gabrielsen (2) isolated rather broad spectral regions, whereas 


Table 1. Wave-length coefficients for photosynthesis in leaves (Gabrielsen, 4). 


Chlorophyll Q 440 mp Q, 545 mp Q; 640 my 


Leases, ot mg (a+ b)/dm? 
I 
SUMO PIS CUD rer se eee | 7.0 + 0.4 0.38 0.60 .00. 
Corylus MAXIMA ..................... oe 6.0 + 0.4 0.40 0.65 1.00 
Fraxinus exelsior (sun leaves)...... 6.6 + 0.4 0.33 0.59 1.00 
Fraxinus exelsior (shade leaves)... 4.8 + 0.2 0.38 0.63 1.00 
0.37 0.62 1.00 


MATIN Alessi | 
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his method gave more monochromatic light. He suggested that the application 
of broad filters would make it impossible to reveal the existense of a secondary 
maximum in the spectral photosynthesis curve. 


Experiments 


In order to check Hoover’s assumption two series of experiments have 
been carried out, using the light qualities indicated in fig. 1. 

For the first series a piece of an Ulva lactuca thallus was used (area 
17.7 cm?, fresh weight 0.11 g, chlorophyll concentration 1.0 mg [a+b] per 
dm?). The determination of the photosynthetic activity was performed in 
sea water taken from the inlet where the algae were collected, applying Stee- 
mann Nielsen’s new method (exposing to light in stirred water for 5 to 10 
minutes, followed by Winkler titration; Steemann Nielsen, 14). The results 
of 21 determinations are given in fig. 3. 

From the Ulva curves the following values for Q) were obtained: 


Qu ve Qor 
1.19 0.35 1.00. 


These figures, which indicate a principal maximum in violet-blue light, 
differ from the results obtained by Montfort (7, see Table 2) and Levring 
(6, see fig. 2, curve 3), who observed the highest maximum for Ulva thalli 
in the red part of the spectrum. However, this discrepancy is only apparent; 
if relative photosynthesis rates for the three light qualities applied in the 
present investigations are calculated by means of 


(Q,- Eda 


(2) P = 
[EM 


using Levring’s Q, values for Ulva lactuca (curve 3, fig. 2) and the spectra 
shown in fig. 1 (E), we get Py, =0.82, Pgy =0.33 and Por =0.70. Insertion 
of these values in equation 1 gives: 


Ove Qc LÉ 
17 0.47 1.00. 


The conformity between the calculated Q, values and the experimental 
findings, indicates that the latter are in agreement with the observations of 
Montfort and Levring. The displacement of the principal maximum is caused 
by the inability of the light, which is transmitted through the orange-red 
filter, to produce an effect as high as that obtainable with pure red wave- 
lengths. 
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P mg co,/dm? hr 
7 


Fig. 3. Rate of photosynthesis (P) in wheat leaves 
and in an Ulva lactuca thallus. VB, violet-blue 
light; GY, green-yellow light; OR, orange-red light. 


The results of the Ulva experiments demonstrate clearly that the use of 
the relatively broad spectral filters in the experiments with Sinapis, Corylus 
and Fraxinus did not make it impossible to detect a secondary maximum in 
the blue part of the spectrum, if such a maximum exists. 

In the second series of experiments (1st to 15th July, 1941) the photo- 
synthesis of wheat leaves was investigated by means of the method described 
at the beginning of this paper. The plant material (Queen Wilhelmina wheat) 
was cultivated in rich soil in an experimental field near the laboratory. The 
leaves used in the experiments had a thickness of 0.19 mm+0.02, a fresh 
weight per dm? of 2.0 g+0.2, and a chlorophyll concentration of 6.7 mg (a+ b) 
per dm?+0.8. The rate of photosynthesis was determined with 2 to 3 leaves 
in the leaf chamber of the apparatus, and determinations took place, suc- 
cessively, in the three light qualities, followed by a determination of the rate 
of respiration. The results of 43 determinations are shown in fig. 3. 

A calculation of the wave-length effect gave the figures 


Or Or Vor 
0.43 0.61 1.00. 
These values are in close agreement with the Q, values found for Sinapis, 


Corylus and Fraxinus leaves. If, on the other hand, Hoover’s spectral photo- 
synthesis curve was valid, calculations by means of the Q, values from 
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this curve (fig. 2) and equations 2 and 1 show that we should have expected 


g. 
Os Der Qor 
0.84 0.68 — 1.00. 


On the basis of these findings it must be concluded that the wheat leaves 
used in the present investigations did not have a two-peaked spectral photo- 
synthesis curve. Only one maximum, in the red end of the spectrum, is found. 
This suggests that the spectral absorption curve of these grass leaves cannot 
differ very much from those of dicotyledoneous leaves with the same chloro- 
phyll content. Thus, the absence or presence of palisade tissue in the meso- 
phyll did not seem to affect the light absorption powers of the leaves. 

An explanation of the discrepancy between Hoover’s and Gabrielsen’s 
results is difficult to give. The experiments with Ulva indicate that the reason 


cannot be found in differences in the methods used for isolating various. 


light qualities, as originally suggested by Hoover. It seems that the only 
explanation left is that the plant material used by Hoover having been 
developed in artificial light, had a chlorophyll concentration lower than that 
found in leaves developing in the open air. Probably also the leaf thickness 
could have been affected. If these differences from the leaves developed in 
natural environment have influenced the spectral absorption curve, the 
results of Hoover become understandable. However, it must be pointed out 
that his results have no application to ecological problems. 


Discussion 


Since 1940 more details about the light absorption properties of leaves 
and thalli have become known. By application of the Hardy recording 
spectrophotometer or equivalent apparatus, Seybold & Weissweiler (11, 12) 
and Rabideau et al. (8) have succeeded in taking reflection and transmission 
measurements at different wave-lengths in direct succession on the same 
leaf or thallus, thereby arriving at figures for the light absorption in these 
organs more reliable than those known previously. Furthermore, the works 
of Emerson & Lewis (1), and Levring (6) have given new and detailed 
information about the spectral photosynthesis curves for dense Chlorella 
suspensions and for Ulva thalli. These advances in our knowledge make it 
possible to discuss the problem about one- or two-peaked spectral curves 
for photosynthesis in leaves and thalli on a more rational basis than before. 

Since Emerson & Lewis (1) have proved that Einstein’s photochemical 
law is valid for the photosynthesis process as far as the light absorbed in 
the chlorophyll molecules is concerned, we can calculate the wave-length 
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Table 2. Theoretical and empirical values of wave-length coefficients. 


r Green-yellow a ; 
Violet-blue light light À 500 to Orange-red light 


'A 400 to 500 mp. 600 mu À 600 to 700 mp 


mo ee CO 


Photosynthesis system | 


| Ideal system. All incident light used 
in photosynthesis ......................…. 0.69 | 0.85 | 1.00 
Chlorella suspension. All incident light‘ 
absorbed. Data from Emerson & | 


LOS EU DE RE ge eS 0.51 | 0.71 | 1.00 
Theoretical values for Ulva lactuca: ) | 

TB EVES 9 I RE TR meme eee | 0.90 0.64 1.00 

RATS. Br Ban eq LCR: | 1.14 | 0.72 1.00 
Empirical values for Ulva lactuca: | | 

NY ORTH OT) RER eee { | en | ee | nn 

entre (MD) ans a 8 Gees ene k 2c don 0.89 0.44 | 1.00 
Theoretical values for leaves: L | | 

Hederaghelixce rege ine basen 0.71 0.82 1.00 

Samıbireus NIGTAs. essen! 0.74 | 0.76 1.00 

Borgluswavellanaı ee. 0.78 0.74 1.00 

Barntetaztazo icinalis.. an: | 0.78 | 0.71 1.00 

SCI COMSALTD Umma aati. cane ances. snes | 0.80 | 0.62 1.00 
Mean values for green leaves from | 

experiments by Gabrielsen ............ | 0.38 0.62 1.00 


coefficients for an ideal photosynthesis system, in which all incident light 
is utilized in the process, from 
hy, 650 my À 


(3) nn AL 


The values obtained are compiled in Table 2 with Q, values calculated 
from Emerson & Lewis’ experiments with suspensions of Chlorella cells 
(fig. 2, curve 1); the density of the cells in these experiments was so high 
that all incident light was absorbed. 

A comparison of these two series of Q, values shows that the empirical 
values in the violet-blue as well as in the green-yellow light are lower than 
the theoretical ones. The difference is greatest in violet-blue light. As an 
explanation of this disagreement it must be assumed that part of the short- 
wave energy is absorbed inactively in the Chlorella cells, i.e., without having 
any effect on photosynthesis. The increase of the inactive absorption towards 
the violet-blue part of the spectrum indicates that this absorption could 
be located in carotinoid molecules. The carotinoids, xanthophylls and caro- 
tins, absorb -wave-lengths up to 520 my, being in molecular dispersed so- 
lutions, and probably up to À 560 my when situated in the chloroplasts. The 
slight depression in the Chlorella curve at about À 480 my, where the 
carotinoids have their absorption maxima, also suggests that these pigments 
are responsible for the inactive absorption (fig. 2, curve 1). On the other 
hand, the differences between the theoretical and empirical Q; values could 
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Fig. 4. Absorption curves for 
Ulva lactuca thalli, 1, data from 
Seybold & Weissweiler (12); 
2, data from Seybold (10). 
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also be explained assuming a photosynthetic activity of the carotinoid mole- 
cules only at a lower rate per absorbed light quantum than that found for 
chlorophyll molecules. The experimental proofs for the latter assumption 
(Warburg & Negelein, 15, Emerson & Lewis, 1) are not convincing since it 
seems almost impossible to find out how much of the incident light is absorbed 
by each of the two kinds of pigments when they are placed side by side in 
the plastids. 

Besides the pigments, the walls and cytoplasm of the cells and the stroma 
of the plastids possess an absorption power. This inactive absorption in- 
creases towards the short-wave part of the spectrum (see below), and must 
be a contributory cause for the differences between the two sets of values 
for Q;. 

The theoretical Q, values for Ulva thalli are calculated by means of 
absorption values (A) from the curves in fig. 4, assuming that all absorbed 


light is utilized in photosynthesis. Relative values for the photosynthesis 
rate are found from N 


2 
(4) P= d A - hy di, 


1 


these values being used to estimate Q, by means of equation 1. À, and A> 
are the wave-length limits of the spectral regions. 

The differences between the theoretical figures for the two thalli are due 
to diversities in chlorophyll content, thallus 1 having the highest and thallus 
2 the lowest concentration. The chlorophyll concentration is only known 
for thallus 1 (2.05 mg [a+b] per dm?). It can be seen that variation in the 
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Fig. 5. Absorption curves for 
foliage leaves. 1 to 4, 6 and 7 
after Seybold & Weissweiler (11, 
12), 5 after Rabideau et al. (8). 
1, Hedera helix (6.9 and 1.2); 
2, Sambucus nigra (6.0 and 0.83) ; 
3, Corylus avellana (3.3 and 1.0); 
4, Parietaria officinalis; 5, Lac- 
tuca sativa; 6, Acer negundo, 
white leaf; 7, Pelargunium zo- 
nale, white leaf, The figures in 
parentheses are the chlorophyll 
and carotinoid concentrations 
in mg per dm? leaf area, respec- 
tively. 


chlorophyll concentration theoretically can displace the principal maximum 
from the red end of the spectrum to the violet-blue region. 


The experimental findings of Montfort and Levring also show variations 
which may be caused partly by diversities in chlorophyll concentration of 
the tested thalli, and partly by diversities in methods used for filtering the 
light. All the three series of values indicate a secondary maximum in violet- 
blue light. There can be no discussion of the magnitude of the inactive 
absorption owing to lack of data for the chlorophyll concentration. 


The theoretical Q, values for green leaves are calculated from equations 
4 and 1 using the absorption curves in fig. 5. The curves for Hedera helix 
and Parietaria officinalis leaves indicate the highest and the lowest spectral 
absorption curves measured for green leaves by Seybold & Weissweiler 
(11, 12). The Hedera leaves were of a dark green colour and had a chloro- 
phyll concentration of about 7 mg (a+b) per dm?. The Parietaria leaves 
were pale green. Since the absorption power of Corylus avellana leaves, of 
which the chlorophyll concentration is known (3.3 mg [a+b] per dm’), is 
a little greater than that of the Parietaria leaves, the concentration in the 
latter could be estimated to be about 3 mg (a+b) per dm?. The curve for 
Lactuca sativa leaves in fig. 5 is the lowest absorption curve for leaves 
measured by Rabideau et al. (8). This curve differs considerably from Sey- 
bold & Weissweiler’s leaf curves, and is more like that found for Ulva thalli 
with a chlorophyll concentration about 2 mg (a+b) per dm? (fig. 4). This 
resemblance seems to indicate that the chlorophyll content of the measured 
Lactuca leaves has been very low. 
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A comparison of the theoretical Q, values for leaves in Table 2 shows 
that the possibility for finding a secondary maximum in violet-blue light 
only exists when the leaves have a low chlorophyll concentration (pale green 
leaves of Corylus, Parietaria and Lactuca). 

The chlorophyll concentration of the leaf material used in Gabrielsen’s 
experiments is more than 4 mg (a+b) per dm?. Thus the findings can only 
be compared with the theoretical values for the green leaves with high 
chlorophyll content (Hedera and Sambucus leaves). A comparison between 
the empirical and the theoretical Q, values for these leaves shows for all 
series a gradual lowering of the wave-length effect from the orange-red 
towards the violet-blue end of the spectrum. 

Examining the inactive absorption (differences between the theoretical and 
the empirical figures) it can be seen that more light is inactively absorbed 
in the leaves than in the Chlorella suspension used in Emerson & Lewis’ 
experiments. For example, in violet-blue light the inactive absorption is 26 
per cent. for Chlorella, but about 45 per cent. for the leaves. Two causes 
could be thought to produce this increase. 1) The concentration of the 
carotinoids might be higher in the leaves than in the algae. 2) From the 
absorption curves for white, pigment-free leaves (curves 6 and 7 in fig. 5) 
it can be seen that the absorption in the walls and protoplasm of the leaf- 
cells increases towards the short-wave part of the spectrum, teaching 
remarkably high values in violet-blue light. The values for the inactive 
absorption in the white parts of a green leaf are, naturally, not so high 
as in an entirely white leaf, since a large proportion of the light is absorbed 
in the upper layers of chloroplasts, having no opportunity for being inactively 
absorbed in the interior of the leaf. However, if it is taken into account 
that the Jeaves possess chloroplast-free epidermal cells, through which the 
light has to pass before reaching the photosynthesizing cells, it is understand- 
able that the inactive absorption in these organs is higher than that existing 
in algae suspensions. 

Considering, finally, the high values observed for the inactive absorption 
in leaves, especially that found for violet-blue light, it seems hardly possible 
that two-peaked spectral photosynthesis curves should be found for green 


leaves, even if theoretical Q, values suggest the existence of a secondary 
maximum. 


Summary 


Previous investigations with green leaves from dicotyledoneous plants 
(Gabrielsen 1935 to 1940) have shown that the photosynthesis of these leaves 
is greatest in orange-red light, lower in green-yellow, and lowest in violet- 
blue light. Experiments with grass leaves (wheat) reported in this paper, 
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have given results in agreement with the earlier findings. The discrepancy 
between these results and those of Hoover (5), who observed a secondary 
maximum for wheat leaves in blue light, may be explained by differences 
in the plant material used in the two investigations. The experiments with 
Ulva lactuca have demonstrated that the impossibility of finding a secondary 
maximum in wheat leaves is not caused by the optical methods applied in 
the present studies. The possibility for the occurence of one- or two-peaked 
spectral photosynthesis curves in green leaves and thalli is discussed, based 
upon observations of their absorption power and Einstein’s photochemical 
law of equivalence. 
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Investigations in the years ’45 and ’46 (1, 2) on the nutrient migration 
during the period of bleeding and bud swelling have revealed that there is 
a considerable transport of mineral nutrients together with sugar to the buds 
before the leaf development. This was especially verified for K and P in 
Carpinus (2). It was deduced that the nutrients must be transported from 
remote parts to the buds, and they are taken up in amounts far exceeding 
the quantities of water, if it is assumed that the buds are supplied with a 
solution of the composition of the bleeding sap. It was also pointed out that 
it is scarcely possible to picture a unidirectional mass-flow to the buds carry- 
ing the necessary nutrients. Thus it is an unsolved problem how the nutrients 
migrate to the buds. 

The present paper does not offer any solution of this problem either, but 
only a record of observations made in the spring of ‘47, in order to clarify 
the origin of the phosphorus and water delivered to the buds. The inves- 
tigation has been extended also to Fagus, which does not bleed at all during 
the bud swelling, and where consequently other conditions might prevail 
than in Carpinus. 


Results with Carpinus 


Buds and branches up to 12 years old were collected on° four dates 
(table 1), in the beginning of the winter dormancy, before the start of the 
bleeding and bud swelling, and 2 lots of samples at the end of the swelling 
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Table 1. Weight and phosphorus-content of Carpinus buds and 20 mm-twigs. 
Values given on 100 buds. 


Br a Ben Date 
2. XII 28. III 29 MINI 291i 
Buds | 
EVENE ER eee 1.82 1.34 1.92 | 1.81 
STE oe 1.59 1.24 4.18 | 4.33 
MARIN a nee eee 3.86 3.14 5.92 | 6.38 
| 
Twigs 
dry weight gr Dark... x 0.74 0.71 0.77 
WOOG ea eae en x 0.51 0.50 0.44 
water Datke an. x 0.74 0.84 0.93 | 
WOOD mcnerdy ic x | 0.20 0.51 | 0.46 | 
Pa era ALK RE EE ch en ER 1.02 0.92 1.01 | 
SVOOG een: x 1.06 0.81 | 0.67 | 


period before the development of the leaves. The samples were analyzed for 
their contents of dry matter and phosphorus. The bleeding season this year 
fell between April Ist and 30th. During that time the P-content of the buds 
increased by 3.27 mg or 0.105 mgat on 100 buds. The water content increased 
by 3.1 g. In order to obtain the total amount of water taken up by the buds 
the water lost by transpiration must be added to this figure. The transpiration 
was determined in potometer experiments in ‘46 and estimated to be 0.16 g 
water per 1 g fresh matter per day for the whole swelling season. The 
transpiration, of course, was not the same in ’47, but the figure may be 
accepted as an approximate average value for the period in question, the 
more so as the duration of the bleeding was quite the same both years. The 
figure 0.16 g per g‘per day corresponds to 22.7 g on 100 buds and the 32 
days between the samplings of March 28th and April 29th. In all, the buds 
should have consumed 26 g of water, which makes a concentration of the 
solution entering the buds of 4.1 mgat P per 1 (table 2). The table also 
shows that the amounts of P and water retained in the buds correspond 


Table 2. The relation between phosphorus and water content of Carpinus. 
P mgat per | water. 


Date 
Part 3 ve 
2. XII DS 1 | | 22. IV. |. 29. IV 
| 
| 
| In the buds .............................. 78 81 | 46 | 48 
Einzthestwigs woods. teeucace.ar cee! X 168 | 51 | 47 
| Dates denne! X 44 35 | 35 | 
| Delivered to the buds ................ 4.1 
| Retained by the buds ............... | 33 
In the bleeding sap approxim. ...| | 0.01 —0.2 
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Fig. 1. The phosphorus content of Car- 
pinus branches before and after the bud 
swelling. — On the abscissa the dia- 
meter of the branch in mm, on the 
ordinata P in mg per g dry matter. Solid 
curve=before the bud swelling, broken 
curve=after the swelling. 


| 
Diameter mm 


to a solution containing 33 mgat/l, which is very near the concentration 
within the buds. The bleeding sap was not analyzed this year, but it is 
known from earlier analyses to contain between 0.2 and 0.01 mgat/l. This 
rough computation confirms the fact that P can not enter the buds with 
the water in a solution of the composition of the bleeding sap. 

In order to find the origin of the phosphorus we must at first turn our 
attention to the 1-year shoots and the flower bud spurs. Twigs of 20 mm 
length behind the buds were analyzed, and the values are given in table 1. 
As a matter of fact, there was little difference between these twigs and older 
branches as to their general behaviour during the bleeding season. The table 
shows an almost constant dry weight, which can be taken as a proof of 
the homogeneity of the collected material, and an increasing water content 
of both bark and wood during the bleeding. The tissues apparently become 
filled by water. During the same interval the P-content on dry weight basis 
decreased in the wood by 30—35 °/o but was constant in the bark. A certain 
amount of P delivered to the buds is '..ken from the youngest twigs, but 
their net loss does not account for more than 12 °/o of the quantity taken 
up by the buds, the rest must be delivered from older parts of the branch 
system. 

The phosphorus content of branches aged from 2 to 12 years and’1 to 
15 mm in diameter is shown in fig. 1. The values before the bleeding are 
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Table 3. The relation between diameter of branches and number of buds in Carpinus. 
Average values. 


Diameter of Number of buds 
branches mm on the branch 
2 5 
3 20 
4.5 44 
6 66 
8 120 
9 166 


from Dec. 2nd and March 28th; the two sets of analyses closely tally with 
each other. The difference between the two samplings after the bleeding, 
April 22nd and 29th, is also negligible. The contents are somewhat irregular, 
but generally slightly lower after the bleeding season than before, illustrating 
a loss of phosphorus. In the youngest twigs the phosphorus content amounts 
to ca. 2 mg/g dry matter and declines rapidly towards the older parts, 
possibly attaining its lowest value in branches about 5 years old. The con- 
centration values, however, do not permit an evaluation of the utilization 
of the phosphorus; for that purpose it is necessary to put the absolute amounts 
of P in relation to the number of buds. 

There is a fixed relation between the diameter of the branches and the number 
of buds they carry, the latter being directly proportional to the sectional area. A 
statistical computation made: on the figures of table 3 gives the relation n=2.0 d?, 
if n denotes the number of buds, and d the diameter of the branch at the base 
in mm. It is thus possible to compute the absolute amounts of P available to a given 
number of buds at any point of the branch system. In fig. 2 such values have been 
plotted for bark and wood, all referring to 100 buds and pieces of branches 
10 cm in length, except the branches of 2 and 1 mm diameter, for which values 
are given on lengths of 7.5 and 5 cm respectively. The latter is done in order to 
account roughly for the more rapid tapering at the.ends of the branches. 


The solid curve in fig. 2 represents the amounts of phosphorus available 
to 100 buds at different distances along the branch system. Apparently 
owing to the gradually changing relation between thickness of bark and 
wood with increasing age and diameter of the branches, the figures rise for 
the wood and decrease for the bark with increasing width. The total phos- 
phorus in bark and wood is almost constant along the branches. After the 
bleeding period the amount decreases (broken curve), especially in the wood. 
Mean values of 16 pairs of determinations are given in table 4. The loss of 
phosphorus amounts to 0.30 mg on 100 buds and 10 cm branch length. 
Unless there is an accumulation of phosphorus in still older parts -— a pos- 
sibility that cannot be wholly excluded — the lost phosphorus must have 
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P mg per 100 buds 


Fig. 2. The amount of phosphorus in 
Carpinus branches of different age 
before and after the bud swelling. — 
On the abscissa the diameter of the 
branch in mm, on the ordinata P in 
mg per 10 cm branch length and 
100 buds. Curves as in fig. 1. 


| 
Diameter mm 


been transported to the buds. According to table 1 the buds during the 
same interval of time have gained 3.27 mg P. This means that the buds 

_apparently take their phosphorus during the bleeding period from a distance 
of 1 m or more. 


The branch systems analyzed did not exceed 120 cm in length so it is undecided 
whether there is a decrease in the phosphorus content farther back aswell. It must 
be noted, however, that the P-values seem to be more irregular in the older branches 
analyzed, and therefore it is possible that the decrease in the P-content in branches 
more than 10 cm in diameter is somewhat over-estimated. 


It is, however, not necessary to assume a migration of phosphorus over 
such distances. If the major part of the phosphorus is soluble and can be 
mobilized, there may be a continuous flow of this nutrient along the branch 
in the direction towards the buds. As an extreme case it may be assumed 
that the parts next to the buds are completely deplenished of their phos- 
phorus, which is replaced by phosphorus from older parts. In such a case 
the maximum distance of phosphorus migration must not exceed 10—15 cm. 
The above computed figure, on the other hand, represents the upper limit 
necessary to explain the P uptake by the buds. | 

The next question to be considered is the uptake of water. During the 
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Table 4. The phosphorus and water contents of Carpinus branches aged 2 to 15 years. 
Values given on 100 buds and 10 cm branch length. 


nc 


Date P mg | Water g 
Betoxestherhleedinse ee ee 2.04 + 0.04 1.71 + 0.09 
Siterstherbleeding mm dee. 1.74 + 0.06 2.21 + 0.11 
TCO CORRE Re me aoe 0.30 + 0.07 0.50 + 0.14 


bleeding period 100 buds absorb ca. 26 g water. The amount of water 
available in the branches can be computed in ihe same way as the phos- 
phorus content (table 4). Irrespective of the distance from the ends of the 
branches each bud has behind itself a column of water of constant width, 
which follows from the simple relation between sectional area and bud 
number. Before the bleeding it amounts to 1.71 g per 10 cm branch length 
and 100 buds, after this period to 2.21 g. Assuming that this whole column 
of water moves towards the buds, we find that the buds consume between 
117 and 152 cm of the water column in 32 days. The phosphorus, on the 
other hand, should be taken from a distance of — in round figures — 
between 15 and 110 cm. The figures for the water transport are further 
minimum values, because always some of the water must be stagnant in 
the tissues. This comparison shows that the amount of water consumed by 
the buds is quite sufficient to convey the whole amount of phosphorus taken 
up by them, provided that the phosphorus can be mobilized to at least 15 °/o. 

This conclusion contradicts the earlier statement that phosphorus is taken 
up much more rapidly than water. The disagreement comes from the inter- 
pretation of the bleeding sap. It has been emphasized that the bleeding 
stream is definitely an artefact caused by the wounding (Burström & Krogh, 
2), but that, nevertheless, the composition of the sap reveals the concentration 
of the solution from which the buds absorb the ‘nutrients, If we abandon this 
view, we are equally well entitled to assume that there is a regular mass- 
flow of a solution in the branches, from a distance of more than 1 or 1.5 m 
carrying water and nutrients to the buds, but then this stream can not run 
through the xylem. 

It is elucidative to compute the actual rates of the water stream to the 
buds under different presumptions. If the whole water column of the bran- 
ches is in motion the rate reaches at the most 152 cm in 32 days, which 
means only 2.0 mm in one hour, a really very slow stream, but which is 
sufficient to provide the buds with both wateı and solutes. 

Some figures from Frey-Wyssling’s (3) collection of data on the migration 
in trees may be mentioned by way of comparison. The rate of the trans- 
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Table 5. Weight and phosphorus-content of Fagus buds and twigs. 
Values given on 100 buds (46 long branch buds and 54 short branch buds). 


EEE À 


Date 
| Part 
| 16. XII | 31.111 6. V 
| 
| Long branch buds 
M dry Neil nuire es 1.90 2.35 3.39 
AUS AT DA CE Ab OU ee ce ae 1.44 Pea 7.78 
En a cc er Le 3.60 4.25 16.9 
Short branch buds 
| dry weight g. ... ........................ 1.25 1.05 2.23 
VPS WATER TE sic source em Luce 0.98 0.97 5.10 
Melon. ee mime Al Cet 3.19 2.23 12.1 
| Total buds 
WALES 2.42 3.14 12.9 
I nee 6.79 6.48 | 29.0 
| Long branches | 
EVENE ER ED EE NS ee 5:93 6.07 | 5.57 
Water D ee ee eme ee eee C0 5.65 5.40 4.45 
Porm MARTEL 1271 9 11.9 
Short branches 
ÄrySWeichti gear ee re ee 0.85 1.08 0.75 
N a D re tree tiger xe eee cree: oo 0.65 0.81 0.65 
PME resume marier annee nec eee 2.27 2.36 1.58 
2-year twigs 
ALY NE IDE gerne 5.55 5.48 | 6.53 
WALTER Rieke RES RE 4.06 5.16 | 5.33 
Penh 85. ct nt ce eee 13.2 32:9 17.8 
Total 1—2 years shoots 
SUING) BOs Se Ne 10.4 11.4 10.4 
N re eee Mn ta 27.6 30.2 30.4 


piration stream may amount to between 3.6 and 42 m in one hour for 
deciduous trees, and that of the assimilation stream in the phloem to about 
300 mm in one hour. 

The slow stream might pass entirely through the phloem in Carpinus. 
The rate must then be higher than computed above and the water taken 
from farther distances, but the capacity of only the phloem ought to be 
sufficient to provide the buds with their entire demand of water. 


Results with Fagus 


There is a considerable difference between the short branch and the long 
branch buds in Fagus, the latter being more than 50 °/o greater than the 
former. Each branch ends with the last year’s shoot of an average length 
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Table 6. The relation between phosphorus and water content of Fagus. 
P mgat per | water. 


Ree nn 


Part | pale 2. 
| 16. XII 31. III 6. V 
ne nu we een a UV | 
Inethegspun. budswer Fre Biene: 105 74 76 
MINEN ee menu coe ves 102 94 78 
Imetherleat pus MP MT 81 63 71 
In the leaf shoots wood .................. 115 | 106 97 
DARK er; | 46 | 24 43 
Deliveredstorthe Duds) nn. | 11 
mRetamedein the buds) ss. en | 74 
| In the xylem sap approximately ...... 1 


in ‘47 of 141 mm carrying 2 to 3 (average 2.6) buds. The 2-year old twigs 
of a length of 116 mm carried about 3 (average 3.1) spurs, each with one 
bud. The length of the spurs was 8 mm. The water and the phosphorus 
contents of this whole part are given in table 5 computed on in all 100 buds, 
46 long branch and 54 spur buds. The greater inhomogeneity of the Fagus 
material indicates that the results from this tree are subject to greater 
errors than the figures from Carpinus. 

Fagus does nat bleed at all and the buds develop somewhat later than 
Carpinus. Samples were taken at the beginning of the winter dormancy, 
before the start of the bud swelling, and before the buds opened up. During 
this latter interval of time — corresponding physiologically to the bleeding 
period of Carpinus — the buds increased their water content by 9.8 g and 
their phosphorus by 22.5 mg. The one and two year old twigs together 
did not alter their ‘water nor their P-content. 

The transpiration of the Fagus buds has not been determined in potometer 
experiments under natural conditions as with Carpinus. In order to gain some 
informations on the total water comsumption of Fagus, a comparison was made 
between the transpiration of Carpinus and Fagus twigs in laboratory tests. Experi- 
ments were performed with twigs carrying for Carpinus ca. 25 and for Fagus 
ca. 12 buds eath, at +2, +12 and +22°C and relative humidities between 30 


and 60 °/o. The results need not be given in detail, but on an average the Fagus 
buds under all conditions transpired 2.1 times that of an equal number of Car- 


pinus buds. 

If we apply this figure to the natural conditions in the spring, we obtain 
for the particular interval in question about 54 g water transpired by 100 
Fagus buds during the period of bud swelling. To this it is necessary to 
add 10 g withheld in the buds, which makes a total consumption of 64 g 
water. At the same time they absorb 22.5 mg P and the fictive solution 
delivered to the buds contains 11 mgat P per | water (table 6). By suction 
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a sap can be obtained from the xylem (Burström & Krogh, 1), this contains 
up to 1 mgat P per I. In Fagus as well as in Carpinus phosphorus is absorbed 
to a much greater extent than water as compared with the composition of 
the xylem sap. Tables 2 and 5 reveal that there is no essential difference 
between the two objects in this respect. 

The composition of branches up to 12 years old and with a diameter of 
15 mm was determined in the same way as with Carpinus.. The number 
of buds in relation to branch width could be expressed by the formula 
n=1.75 d?. Fig. 3 shows the amount of phosphorus available to 100 buds 
at different distances along the branches, bark and wood being added 
together. Here we find a marked difference from Carpinus, as far as the 
present results go. The phosphorus content is very high in the youngest 
twigs and decreases rapidly in older parts; there is further no decrease 
during the bud swelling, although the few values do not permit any definite 
conclusions on this point. It is obvious, however, that even in Fagus there 
must be a migration of phosphorus towards the buds before they open up. 
If all P were movable the content of the 1 and 2 year old twigs would be 
sufficient for the demand of the buds, and the P would have to be trans- 
ported over a distance of only about 5 cm in 36 days. Because the con- 
centration of P rapidly decreases farther away, this loss could only be 
replaced if P was drawn from a distance of some 30 cm. If, on the other 
hand, only !/, of the phosphorus is soluble, the amount absorbed by the 
buds must be taken from a distance of about 1 m. The truth probably lies 
between these two figures. 

As to the water supply, 100 buds have behind them in the branch system 
a column of water holding 2.7 g per 10 cm branch length. The buds consume 
64 g water, of these 10 g are found in the youngest shoots (table 5). The 
remaining 54 g correspond to a water column of 200 cm length. About 
250 cm is the minimum distance water has to be transported to the buds 
on the assumption that the whole amount of water is movable. Phosphorus, 
on the other hand, must be taken from a distance between 30 and 100 cm. 

The rate of water transport amounts to 2.9 mm in one hour under the 
given assumption. The rate is of the same order of magnitude as that in 
Carpinus. It is obvious that there is very little difference between the two 
species. In both the whole amount of phosphorus can be transported pas- 
sively with the water current to the buds, if this takes another path than 
through the xylem, which is filled by a very dilute sap. This is clearly 
shown by the figures of tables 2 and 6. 
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P mg per 100 buds 


Fig. 3. The amount of phosphorus in 
Fagus branches of different age be- 
fore and after the bud swelling. — 
Sum of bark and wood. For explan- 
ations see fig. 2. 


| 
Diameter mm 


Aspects on bleeding and nutrient migration 


A comparison between Carpinus and Fagus with respect to the absorption 
of water and phosphorus by the buds reveals no fundamental difference, 
although it is well known that the former notoriously bleeds in the spring, 
and the latter does not bleed at all, but can give off sap from wounds only 
by suction. In both cases water and phosphorus are carried to the buds from 
older parts of the branches. 


One difference is found: the branches of Carpinus take up water during the 
swelling period, especially in the wood and less in the bark, whereas the Fagus 
wood even during the winter dormancy holds a high water content (table 7). It is, 
of course, impossible to compare the absolute values for the water contents, but it 
is obvious that it does not rise in the Fagus wood. The increase in Carpinus is mainly 
due to a capillary filling of the branches by water, not a swelling, because the 
specific gravity of the branches rises markedly. This may, or may not, be connected 
with the property of bleeding but does not influence the general trend of the 
nutrient transport to the buds. 

As emphasized earlier (2) the bleeding stream must be an artefact, but 
the interpretation of the nutrient absorption by the buds’ was founded on 
the assumption that the xylem sap furnishes the buds with the necessary 
compounds. This assumption led to a choice between two equally improbable 
alternatives, namely, either that the solution had to circulate through the 
buds, or that the solutes were transported not by means of a mass movement 
but by individual diffusion from far distances. A third possibility must, 
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Table 7. The water content of Carpinus and Fagus branches before and after the bud 


swelling. — Water percent of dry matter in bark and wood of branches 2—-17 years old. 
Water 0,0 
Date 
bark | wood 

Carpinus . | 
before the bud swelling ..................... 70 + 1.3 69 + 1.5 
afterstherswelllnsn Seen ee 81 + 1.5 | Co a= 2) 

| 

Fagus 
before the bud swelling ....................- 62 + 1.0 92 + 2.0 
attente Sel erg ner 79 + 0.8 99 + 3.1 


however, also be considered: the nutrients are not furnished by the xylem 
sap at all, instead they are delivered by some more concentrated solution, 
which can only be found in the phloem. 

The water consumed during the swelling period is taken from a distance 
of at least 1.5 and 2.5 m respectively in Carpinus and Fagus, and such a 
part of the branch system contains far more than the sufficient amount 
of phosphorus, although it is not known in what form. Hence there may 
be a mass-flow of water carrying the nutrients to the buds, if it does not 
pass the xylem, where the sap is too diluted. This sap should normally 
be wholly stagnant before the leaf development, and not take part in the 
transportation of nutrients. 

The rates of the water flow were estimated to 2.0 and 2.9 mm in one 
hour for both trees. If we assume that the flow runs only through the 
phloem the figures must be increased to about 5.7 and 10 mm. These figures 
are still much lower than the maximum figures computed for the rate of 
phloem streams, up to 300 mm, so that the capacity of the phloem might 
be sufficient. 

The bulk of the nutrients are found in the xylem, however, so if there 
is a mass-flow through the phloem to the buds, the nutrients must migrate 
out from the xylem through the rays to the phloem. The way along the 
rays is very short, and, as a matter of fact, much starch at last is stored in 
the ray cells. A suction in the phloem must of course also spread laterally 
to some extent. 

One fact noticed in the experiments in “46 must be emphasized here. There is 
a very marked daily variation in the phosphorus content of the xylem sap; the 
concentration decreases to almost zero at noon and remains low during the after- 
noon (2). On the other hand, the transpiration must normally increase at this 
time of the day. The increased consumption of water can hardly cause a decreasing 


concentration of the sap, from which the water is taken. If, however, the current 
to the buds indicates a stream in the phloem. an increased rate of flow might 
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cause a more rapid stream through the rays into the phloem. This may carry 
nutrients away from the rays to the phloem instead of to the xylem. 

Further speculations are futile for lack of observations but this aspect on 
the nutrient transport seems to be worth investigating. 


Summary 


Computations have been made on the rates of water and phosphorus 
transport to the swelling buds of Carpinus and Fagus before the leaf devel- 
opment in the spring. 

Carpinus bleeds copiously if wounded during the swelling period, Fagus 
does not, but with respect to the normal nutrient transport there is little 
difference between the two species. 

In both trees the buds absorb phosphorus to a greater extent than water 
if the xylem sap is considered as their source of nutrients. The buds take 
their water during the swelling period from distances in the branch system 
of at least 1.5 and 2.5 m respectively in Carpinus and Fagus. Phosphorus 
is utilized from distances between 0.15 and 1.1 m in Carpinus, and between 
0.3 and 1 m in Fagus. It is possible that phosphorus is transported passively 
to the buds with the water, but such a mass-flow can not pass through the 
xylem, where the sap is too diluted. 

If, on the other hand, the whole current of water passes through the 
phloem, the rate of the water flow amounts to about 5.7 and 10 mm in 
one hour in Carpinus and Fagus respectively. These figures are much lower 
than values reported for phloem streams, so that the capacity of the phloem 
may be sufficient for such a transport. The composition of the phloem sap 
has not been determined. 

The observations will be continued in ’48. 
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Introduction 


In an investigation from 1943 on the mineral, nitrogen and sugar content 
of beech leaves and beech leaf sap at various times (Olsen 1948) it was 
found that the potassium content per leaf increased from foliation to July 
during which month it reached a maximum, thereafter declining evenly until 
the time of defoliation. From the end of July until shortly before the leaves 
fall, about 45 °/o of the potassium content of the leaves returns to the bran- 
ches. In the sap that was obtained by expressing the leaves after preceding 
freezing and thawing out, the potassium content was at a minimum at the 
time of foliation, thereafter increasing strongly in the course of May and 
June and reaching a maximum in July and the beginning of August. From 
late in August until the beginning of October the potassium content of the 
sap decreased, but during the latter half of October a minor increase was 
observed. 

A calculation of the total potassium content per 100 g fresh leaves and of 
the potassium in the amount of sap contained in 100 g fresh leaves (as for 
procedure, see the above paper) showed that a significant part of the potas- 
sium content of the leaves is not present in dissolved state in the sap, but 
is bound in some way or other to the solid components of the cells. Imme- 
diately after foliation about 10 °/o of the total potassium content of the 
leaves is bound, but the relative amount increases in the course of May 
and the beginning of June, and in the summer months about 30 °/o of the 
total potassium is present in bound state. From the close of September until 
defoliation the relative amount of bound potassium diminishes from 30 °/o 
all the way down to zero. When the potassium content of the sap increases 
late in October it is because the amount of bound potassium, which shows 
a strong decrease at this very time, migrates into the sap. 
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Several authors (Janssen & Bartholomew 1929, Petrie 1934, Morris & 
Sayre 1935) have found that practically all potassium in the plants can be 
extracted with water, and on the basis of these findings it is generally stated 
in the plant-physiological literature that all potassium in the plants is pre- 
sent in dissolved state in the cell sap. These statements are thus not in agree- 
ment with the present findings in the case of beech leaves. 

In the above investigation (Olsen 1948) it was moreover found that the 
nitrogen content of the beech leaves decreases from late in September. From 
this time and until late in October the nitrogen content of the leaves decreases 
by about 45 °/o as there occurs a return of nitrogenous compounds to the 
branches, presumably amino acids formed on the breaking down of the 
proteins. The circumstance that the amount of potassium bound in the beech 
leaves diminishes from the very moment where the break-down of the 
proteins begins, eventually reaching zero just before defoliation, might 
indicate that the potassium not present in the sap is bound to proteins, 
presumably by adsorption. Whether potassium that is adsorptively bound 
to proteins can be extracted with water is presumably dependent partly on 
the preceding treatment of the plant material (drying, freezing, comminuting), 
partly on the quantity of water employed. It is not always clear which 
procedure has been followed in the different investigations, only Morris & 
Sayre mentioning that the extraction is carried out partly with hot water 
and partly with 5 °/o alcohol. 

If the potassium bound in the beech leaves is bound by adsorption to 
proteins it should be possible to displace it by exchange with another ion, 
e.g., the calcium or the magnesium ion. That dried and powdered alfalfa 
possesses an ion-exchanging power has been shown by McGeorge in 1932, 
and he believes that the same is true of living plant tissue. 

The question of whether an exchange of ions can take place in beech 
leaves was not included in the above mentioned investigation in 1943, but 
was taken up in September 1947 at which time I also investigated whether 
an addition of increasing quantities of water will cause the solution of in- 
creasing amounts of the potassium adsorbed in the leaf cells. The following 
represents the results of these investigations. 


Experimental procedure and results 


a. Addition of different quantities of water to beech leaves. 


The procedure was as follows: A relatively large number of beech leaves 
were, on Sept. 11, 1947, cut into strips about 1 cm wide, and from the well 
mixed material 9 samples were taken, the first one weighing 160 g and the 
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remainder 10 g each. Two of the latter samples were used for a determination 
of moisture content (drying at 100° C for 48 hours), and in the dried material 
the potassium was determined as potassium hexanitrodiphenylamine. For 
details of procedure, see Olsen (1948). The other 10 g samples were placed 
separately in conical flasks which were closed with a tightly fitting rubber 
stopper. The 160 g sample was kept in a closed cylinder glass. Next, all 
samples were placed in the refrigerator at —16° C for 48 hours. After 
thawing out there were added to samples Nos. 2 to 6: 25, 50, 100, 200 and 
400 ml water respectively, and to sample No. 7: 200 ml water. Then followed 
shaking for 24 hours whereupon the solution was filtered off and the 
potassium determined in a suitable part of the filtrate. The potassium 
content was then calculated on the basis of the total quantity of water added 
plus the water originally present in 10 g of leaves (ie. 5.15 ml). Sample 
No. 7 was likewise filtered, whereupon the leaf material on the filter was 
washed several times with water, and the washing water combined with 
the filtrate, giving a total of about 500 ml extract, the potassium content of 
which was likewise determined. 

Sample No. 1 (160 g leaves) was after thawing out used for expression 
of the sap, and the dry matter and potassium content of the sap were 
determined. In ‘Table 1 the potassium content is calculated on the-basis of 
5.61 ml sap, which is the amount of sap that should be present in 10 g fresh 
leaves, assuming that all water in the leaves enters as a constituent of the 
sap. (10 ml sap weighed 10.73 g and contained 1.55 g dry matter+9.t8 g 
water as well as 66.7 mg potassium. 10 g fresh leaves contained 5.15 g water.) 

The results of the experiments are recorded in Table 1 which shows that 
an addition of increasing quantities of water causes increasing amounts of 
potassium to dissolve. 10 g leaves were found to contain a total of 48 mg 
potassium. Of this, the undiluted sap contained 37.4 mg, or 78 °/o of the 
total potassium present. Even the addition of 400 ml water was not enough 
to bring all potassium into solution, there was still 2.3 °/o lacking. It was 
found, however, that all potassium could be washed out of a sample of 10 g 
leaves when it was first shaken with 200 ml water and then washed repeatedly 
with water, so that the total extract amounted to about 500 ml. 


b. Addition of various salt solutions to beech leaves. 


In these as in the previous experiments the leaf samples weighed 10 g 
each. After thawing out of the frozen samples there were added 50 ml water 
to each of the first two samples and to each of the following samples 0.1 N 
solutions of calcium chloride, magnesium chloride, ammonium. ch'oride, 
sodium chloride, and potassium chloride respectively, with filtration after 
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Table 1. Addition of increasing quantities of water to leaf samples weighing 10 g each. 
The samples contained 48.0 mg potassium. 
a >> + 


Sample No. Original water Water added Potassium in |°/o Potassium not 

content (ml.) (ml.) solution (mg.) in solution 
1 5.6 0 37.4 22.1 
2 5.6 25 40.0 16.7 
3 5.6 50 42.5 11.5 
4 5.6 100 45.9 4.4 
5 5.6 200 46.0 4.2 
6 5.6 400 46.9 2.3 
7 5.6 200 + 3001 48.2 0 


1 300 ml washing water. 


24 hours of shaking. Sample No. 2, with 50 ml water added, was, however, 
boiled for 10 minutes before the shaking after which the water lost by 
evaporation was replaced. The potassium content of the filtrate was deter- 
mined and calculated on the basis of 55.2 ml solution, 10 g of leaves ori- 
ginally containing 5.2 ml water. The results of the analyses are recorded 
in Table 2. 

10 g leaves contained 41.2 mg potassium. This was less than in the first 
mentioned experiments, where 10 g leaves contained 48 mg potassium, but 
the leaf samples for the second experiment were obtained 2 weeks later, 
namely on Sept. 26, 1947. It will be seen that after the addition of 50 ml 
water there was still 11.4 °/o potassium bound, a fact which was not changed 
by boiling of the sample after the addition of water. However, an addition 
of 50 ml 0.1 N calcium chloride solution causes practically all the potassium 
to be dissolved. The other salts too increase the solution of potassium, but 
are less effective than calcium chloride. Table 2 finally shows that addition 
of potassium chloride solution gives rise to a further adsorption of potassium. 

It was found that calcium and magnesium ions too are displaced from 
beech leaves by the addition of salt solutions containing other ions (Table 3). 
Of course, it is not to be expected that all calcium, or magnesium, can 
be displaced by exchange of ions. In the case of calcium about 70 °/o of the 
total amount in beech leaves is present as oxalate, and this calcium cannot, 
of course, be exchanged for other ions. It was also found in these experi- 
ments, as seen from Table 3, that an addition of calcium ions causes a 
further adsorption of calcium ions, just as an addition of magnesium ions 
gives rise to a further adsorption of magnesium ions. 

Finally, it was found that an addition of increasing quantities of water 
to the leaves did not bring more calcium and magnesium into solution. Even 
a careful washing with water did not increase the amount of dissolved 
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Table 2. Addition of water and various salt solutions to leaf samples weighing 10 g each. 
The samples contained 41.2 mg potassium. 


| | 


à Potassium in Potassium adsorbed | 0,0 potassium not in, 

um solution (mg) (mg) solution | 

i | 
Water | 36.5 4.7 11.4 
Water + boiling | 36.3 4.9 11.9 
0.1 N CaCl, | 41.0 0.2 0.5 
0.1 N MgCl, | 39.4 1.8 4.5 
| 0.1 N NH,CI | Sie 4.0 9.7 
| 0.1 N NaCl | 38.2 3.0 7.3 
0.1 N K€l=195 mg K| 223 — 195 = 28 13.0 (31.6) 


calcium and magnesium beyond what was obtained by the addition of 50 ml 
water. This shows that the divalent ions are more firmly bound than the: 
univalent potassium ion. 


Discussion 


Part of the potassium content of the frozen beech leaves is thus bound 
by adsorption, and it is to be assumed that the same applies to the intact 
tissue. As mentioned in the previously cited paper (Olsen 1948), one may 
claim that it is not the proteins that adsorb the potassium, but the colloidal 
components of the cell walls since the adsorption perhaps does not occur 
until after the semipermeability of the cytoplasmic surface layer has been 
abolished by freezing and the sap therefore has made direct contact with 
the cell walls. The latter idea is, however, contradicted by the fact that, as 
mentioned above, the adsorption of potassium shows a strong decrease in 
parallel with the breaking down of the proteins and ceases altogether shortly 
before defoliation. If the power of adsorption were related to the cell walls, 
then these walls would show a substantial change in structure and chemical 
composition in the autumn, but there is nothing to indicate that any such 
change occurs. 


Summary 


In beech leaves that have been frozen and afterwards thawed out one 
finds in the summer months about 30 °/o of the total potassium content to 
be adsorptively bound. This percentage decreases from late in September, 
and shortly before defoliation all the potassium is present in dissolved state 
in the cell sap. 


The adsorptively bound potassium in the beech leaves can be completely 
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Table 3. Addition of water and various salt solutions to leaf samples weighing 10 g each. 
The samples contained 84 mg total-calcium and 12.1 mg total-magnesium. 


Madedzoimi Calcium in | Magnesium in 

solution (mg) |in solution (mg) 

Water 12.1 7.5 

Water + boiling 12.4 7.9 

0.1 N CaCl, — 100 mg Ca | 101 — 100 — 1 11.4 

0.1 N MgCl, = 60.8 mg Mg 18.2 63.5 — 60.8 =2.7 

0.1 N NH,Cl les 10.8 

0.1 N NaCl 15.0 10.3 

0.1 N KCl | 15.6 10.6 


displaced by addition of a 0.1 N calcium chloride solution. An addition of 
potassium chloride causes a further adsorption of potassium. 

If increasing quantities of water are added to the beech leaves, increasing 
amounts of the adsorbed potassium are dissolved, and all the potassium 
bound can be brought into solution by washing with water when a suf- 
ficiently large number of washings are carried out. 

Part of the calcium and magnesium in the beech leaves is likewise 
adsorptively bound inasmuch as solutions containing other ions act more 
disselving on the calcium and magnesium than pure water does. Here, 
however,.increasing quantities of water do not have the effect of bringing 
more calcium and magnesium into solution. 

The adsorptively bound potassium is assumed to be bound to the proteins 
of the cells. 
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Bacteria producing hydrocyanic acid have previously been investigated by 
Patty (3). Nine strains of Bacillus (Pseudomonas) pyocyaneus were examined 
in different media including ordinary nutrient broth, nutrient broth mixed 
with eggs, and nutrient broth with gelatin. The hydrocyanic acid was 
estimated quantitatively by means of the sulfocyanate colorimetric method. 
The amount of HCN produced was expressed in percentage of the total 
nitrogen in the cultures. The highest value, 0.17 per cent., was found when 
the egg medium was used for cultivation. 

Pseudomonas species producing HCN are the most suitable objects for 
studying the mechanism of HCN-formation in plants. This paper deals 
with some preliminary experiments on the influence of different nitrogen 
sources and growth factors on the production of HCN in bacteria. 


Material and methods 


Experimental material. 60 Petri dishes containing nutrient agar (5 g meat extract, 
10 g peptone, 5 g NaCl, and 15 g agar per 1000 mi tap water) were infected in 
different ways with microorganisms from air, combes, hands etc. A piece of picrate 
paper (filter paper saturated with 1 per cent. picric acid solution) moistened with 
some drops of a 10 per cent. Na,CO, solution was fixed to the under side of the 
dish covers. In one of the dishes the yellow picrate paper obtained a strong reddish- 
brown colour after incubation at 26° C for one or two days. From this raw culture 
a cyanogenic bacteria strain was isolated. 

Description of the bacteria. The pure culture consists of 1—4 yp. long, lophotrich, 
gelatin liquefying, Gram-negative, pigment producing rods. In glutamic acid solution 
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(PH 7.0) the excreted pigment has a greenish colour, which changes to colourless 
in acid solutions and green in alkaline ones. According to Bergey (1), the bacteria 
could be classified as closely related to Pseudomonas aeruginosa (Schroeter) Migula. 
A newly isolated culture of Bact. pyocyaneum (Ps. aeruginosa) from the Danish 
State Serum Institute, Copenhagen, and a culture of Ps. aeruginosa from the 
Technical College, Zürich, are used for comparison. The strain differs from the 
typical species in two respects: 1) nitrate is only reduced very slowly, and 2) it 
forms HCN when cultivated in certain media. 

HCN production verified by the prussian-blue test. Since picrate paper reacts 
with substances other than HCN, e.g., sulfuretted hydrogen, and aldehydes, it was 
important to check that the bacteria actually produced HCN. 10 ml of 4 N H,SO, 
were added to a 24 hours old nutrient broth culture, and the HCN was distilled 
into a condenser containing 10 ml of 1 N Na,CO,. The prussian-blue test was 
performed with 10 ml of the distillate by adding 1 drop of 20 per cent. FeCl,, 2 ml 
of 10 per cent. H,SO,, and sufficient NaOH to ensure an alkaline reaction. A pre- 
cipitation of prussian-blue was obtained after neutralising with HCl. This proved 
that HCN was produced. 

Quantitative estimation of HCN. The bacteria were cultivated in ten 300 ml conical 
flasks, each containing 50 ml culture medium sterilized in streaming steam. Each 
flask was inoculated with 1 ml of a dilute bacteria suspension and incubated. 

Determination of HCN was made colorimetrically by means of Möller & Stefans- 
son’s method (2). The content of the culture flasks was poured into a retort, 10 ml 
of 4 N H,SO, were added, and the retort was quickly placed in a vacuum distil- 
latory apparatus. Distillation was performed using slight suction and heating with 
boiling water. About 10 ml were distilled into the condenser which contained 
10 ml of 1 N Na,CO,, and the NaCN in the condenser was finally filled up to 25 ml 
with distilled water. à 

The solutions used for colorimetry were prepared as follows. 5 ml of the NaCN 
solution were mixed with 10 ml of 1 per cent. picric acid in a 25 ml measuring 
flask. The flask was placed in boiling water for 12 minutes, cooled, and filled up. 
For comparison a solution was simultaneously made by mixing 5 ml of distilled 
water, 2 ml of 1 N Na,CO, and 10 ml of 1 per cent. picric acid, and treating the 
mixture in the same way as the analysis. The extinction difference of the solutions 
was measured in a Pulfrich photometer using spectral filter 53. and the quantity 
of HCN was found from an adjustment curve showing the dependence of extinction 
differences on concentration of HCN. 


Experiments 


Influence of temperature and time on HCN production. The bacteria were 
cultivated in nutrient broth (5 g meat extract, 10 g peptone, and 5 g NaCl 
per 1000 ml tap water) and incubated for different lengths of time at 26° 
and 37°C. The results are recorded in Table 1. The production of HCN at 
96° was more than three times as high as that at 37°, and the highest 
concentration in the cultures was found after 24 hours. A decline in the HCN 
concentration was observed after incubation for 48 hours. The reason for 
this decline was not investigated. 
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Table 1. Influence of temperature and time on production of HCN. 


me nn 


j 26° 372 
H pH before 
nn inoculation pH after HCN per pH after HCN per 
incubation |1000 ml (mg)| incubation |1000 ml (mg) 
12 5.9 7.4 | 1.43 7.5 | 0.31 
24 5.9 8.0 3.23 8.0 | 0.87 
48 5.9 Se | 2.36 8.6 0.00 | 


Influence of different nitrogen sources. This problem was examined in a 
synthetic medium containing 20 g glycerol, 2.1 g K,HPO,, 1.1 g KH,PO,, 
and 0.2 g MgSO, per 1000 ml tap water. Nutrient broth was used for 
comparison with the synthetic nitrogen sources. 

Preliminary experiments were carried out with liquid media cultures in 
Petri dishes. 9 different N-sources were used, and the HCN production was 
estimated after 48 hours by means of the picrate paper method using an 
arbitrary colour scale for comparison. The results (Table 2) indicated that 
the amino acid glycine almost had the same effect on the HCN production 
as the nutrient broth, whereas the other organic and inorganic nitrogen 
sources showed only a slight effect, or no effect at all. 

More accurate experiments were carried out with nutrient broth, glycine, 
asparagine, or glutamic acid as nitrogen sources, using the quantitative 
distillation method for HCN estimation. The concentration of nitrogen in 
the media (0.1 g per 1000 ml) should be considered sufficient for the bac- 
teria to utilize the present carbon source, glycerol, completely. The nitrogen 
content was estimated by Kjeldahl’s method. The results are given in Table 3. 
The experiments show that glycine dominates over asparagine and glutamic 


Table 2. Influence of N sources on HCN production. 
Estimations by means of the picrate paper method. 


aa a ST SS TRF 
| HCN production 
N source N per 1000 ml (g) (relative "values 
| | 

Nutrient broth ue. 1.86 | 10 
etn acon cca tat astra ee 0.10 8 
aN SO DRE. SO er ae 0.10 1 
Urea RAS TR AE EE eee 0.10 1 
IRASDADA LINE dele, sahen de RE eee 0.10 | 2 
Glutamic acid 0.10 | 1 
GUY CIN 6 SE  AÉR A Au 0.10 6 
HV POSTE oran ee re 0.10 | 3 
BHEBYIAlANINEMME 0, 0.10 | 3 
ÜSSUDE. Lt. no OR 0.10 | 0 


PRODUCTION OF HYDROCYANIC ACID BY BACTERIA 145 


Table 3. Influence of N sources on HCN production. 24 hours experiment. 


- | pH be- … | Numbers | HCN per | 
N source Me gre inocu- een on bacteria; 1000 in en à of 
lation per ml | (mg) | | 
| | 

PPA SPAaragine sys. ccc. 0.10 6.5 HAY | | 0.00 | 0.00 | 
| Glutamic acid ...... 0.10 ! 6.5 6.9 109 . 107 | 0.00 0.00 | 
HOivcine 0%... 010 65.) 65 18.107 | 0.10 | “010 | 
| Nutrient broth ...... al a * "6.5 6.7 65..10° 0.51 | 0.51 | 
MPlidemeksres, nit! run 1:86. fe 6.6 8.2 | 3.80 0.20 | 


acid as nitrogen source for the production of HCN. The result is confirmed 
by the fact that the number of bacteria in the glycine culture is about 5 
times less than that of the glutamic acid culture (Table 3). 

The results of an experiment with three different glycine concentrations 
are shown in Table 4. The production of HCN seems to be independent of 
the glycine concentration. 

Influence of growth factors on the HCN production. The bacteria were 
grown in three different media. Medium 1: Synthetic solution with glycine 
as nitrogen source; 2: Medium 1 with addition of 0.25 ml nutrient broth, 
and 3: Medium 1 with 1.0 ml yeast extract. The nitrogen content introduced 
in the media by adding the two growth factor sources was 20 times less 
than that of medium 1. A glycine culture not containing growth factors 
was used for inoculation. After incubation at 26° for 24 hours it was found 
that the amounts of HCN in media 2 and 3 exceeded that of medium 1 with 


Table 4. Production of HCN in media with different concentrations of glycine. 
48 hours experiment. 


Glycine per | N per pH before pH after | HCN En HCN 00 of 
1000 ml (g) | 1000 ml (g) inoculation incubation | 1000 ml (mg) total N | 
| 

SGI iets 10013. ul 7.0 7.0 ATOS 1.00 1 
0.536 | 0.100 | 7.0 7.0 0.16 0.16 | 
4.288 | ae a € | 7.0 7.0. 0.14 0.02 | 


Table 5. Influence of growth factors on HCN production. 24 hours experiment. 


oo D SED 


Source of N 


Source of pH before pH after HCN per 0 
(EN per growth factors} inoculation | incubation |1000 ml (mg) crea 
1000 ml) | 
| 
| Glycine | none | 13 | ee 0.28 | 
| Idem |nutrient broth fl | flail 0.38 | 37 
| Idem | yeast extract a) 7.0 0.41 | 47 
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37 per cent. and 47 per cent., respectively (Table 5). The experiment indicates 
that both nutrient broth and yeast extract contain substances which in 
small amounts accelerate the HCN production. 


Conclusions 


The results show clearly that the variety of Pseudomonas aeruginosa used 
in these experiments yields HCN when cultivated on synthetic media with 
glycine as the only nitrogen source. However, the production of HCN is 
always higher in nutrient broth than in a glycine solution, both containing 
the same amount of nitrogen. This fact suggests that the HCN formation 
depends on more nutrient factors than those present in tne glycine medium. 
The experiments in which nutrient broth, and yeast extract are added in 
small amounts to glycine solutions support this assumption. 


Summary 


1. Hydrocyanic acid production was observed in a variety of Pseudo- 
monas aeruginosa by means of the picrate paper method and verified by the 
prussian-blue test. 

2. The yield of HCN at 26° was about three times higher than that at 
37° C. The maximum HCN concentration in the cultures was reached after 
24 hours. 

3. Experiments with synthetic media showed that HCN could be formed 
with glycine as the only nitrogen source. Cultures with glutamic acid, and 
asparagine did not yield amounts accesible for accurate determinations. 

4. Experiments in synthetic glycine media with addition of small amounts 
of nutrient broth, or yeast extract suggest that these substances contain 
factors which accelerate the HCN production. 
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Weber (1925) and Stälfelt (1945, 1946) found, on centrifugation of leaves 
of Helodea densa, that the speed of movement of the chloroplasts in the 
leaf cells was not constant when the leaves were exposed on different 
occasions to the same centrifugal force. At a constant centrifugal speed, 
the time required to induce the chloroplasts to move to the centrifugal 
parts of the cells showed continuous variations. These were interpreted as 
a result of the changed viscosity in the cytoplasm. Stälfelt (1946) demon- 
strated that these fluctuations in the speed of movement continued as long 
as the specimens were exposed to light. A constant value (=constant viscosity 
in the cytoplasm) was only obtained when the material had been in complete 
darkness for at least 72 hours. If material treated in this way was then 
exposed to light of some kind, a change in the viscosity of the cytoplasm 
immediately became apparent. The viscosity curve in continuous illumin- 
ation varied with varying intensities of light, but no direct proportion could 
be demonstrated between the intensity and quantity of light and the changes 
in the viscosity caused by illumination. Later investigations (Virgin 1948) 
have shown that similar changes in viscosity dependent on illumination 
also appear in Spirogyra and Mnium.! It is therefore probable that these 
changes are a phenomen common to the cytoplasm of all green plants. 


1 The investigations on Mnium are not yet published. 
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The Method 


The viscosity was determined by the centrifugation method (Stälfelt 
1946). In the experiments described here, however, the leaves (Helodea 
densa Casp.) were not placed between slides, but were inserted in small 
glass tubes filled with fluid. Mechanical pressure on the cell wall was thus 
reduced to a minimum. Removal of the leaves from the centrifuge and 
determination of the rate of movement of the chloroplasts could also be 
carried out more rapidly than if the specimens lay between slides. 

Incandescent lamps of various types were used as the source of illu- 
mination. The light was first filtered through a layer of water 10 cm thick, 
in which a 4 mm thick glass with special heat-absorbing properties (»ON19», 
Chance Brothers Ltd., England) was placed, and then through a 4 cm thick 
layer of CuSO, in 3 per cent solution. The light obtained by this procedure 
is practically free from rays with wavelengths over 700 my and thus lacks 
ultra-red radiation and contains visible light only (Nuernbergk 1932). The 
somewhat bluish colour is due to filtering off in a small area within the 
red spectrum. It was necessary to take these precautions for filtering the 
light, since it was in certain cases measured with a thermopile. In addition, 
it was desirable to avoid altogether any disturbing influence on the viscosity 
due to an increase in temperature. The viscosity appears to be affected by 
ultra-red radiation (Voerkel 1934) and is dependent on temperature (Nor- 
then 1939, Northen and Northen 1939). During the experiments reported 
here the temperature was kept constantly at 19—20° C. 


Results of the experiments 


The object of the experiments was to investigate the relation between 
the changes in viscosity and the intensity of light. As mentioned previously, 
the cytoplasm attains a state of equilibrium after remaining in the dark 
for 72 hours. It has, however, been shown in these experiments that the 
condition of the cytoplasm is not always the same when a state of equilibrium 
is attained. It was found here that the same intensity of light, when allowed 
to act continuously on different occasions on such stabilized plasma, does 
not always have the same effect on the viscosity. At certain intensities, the 
initial effect of illumination is in some cases an increase in viscosity, in 
others a decrease. A closer study of these variations shows that they are 
the result of a phenomenon of adaptation. The cytoplasm is stabilized after 
72 hours in the dark, but it nevertheless retains impressions from previous 
illumination. A consequence of this is that the initial value of the viscosity, 
i.e. the value after 72 hours in the dark, changes from one day to the next 
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2200 MC. 


Fig. 1. The change in viscosity during 
treatment with light in the course of | 
the first 4 hours after beginning of iO 
illumination. Light intensities: 2,200, 
3,200, 6,500, 13,000 and 22,000 meter 
candles (lux). The beginning of the 
experiment indicated by arrow. 

Abscissa: time for the readings (hours). 
Ordinate: time in min. (—rel. viscosity) 
required for the chloroplast in 90 %o 
of the cells to assemble in the centri- 
fugal ends with the centrifuge rotat- 
ing at a constant speed. fe) | 2 3 4 


3200 MC. 


6500 MC. 


13000 MC. 
22000 M.C. 


if the material is placed in the dark immediately after it is taken from the 
place of cultivation (greenhouse) and the »pre-illumination» has varied 
owing to fluctuations in the weather and thus of the daylight. During 
longer periods the initial value is also changed in that it usually shows higher 
figures during the late autumn and winter than during the summer (cf. 
Stälfelt 1946). 

These daily variations in the viscosity, which at first seemed somewhat 
problematic and could scarcely be thought to depend on genetical causative 
factors, were found practically to disappear if the material was exposed 
to continuous illumination for a few days before it was placed in the dark. 
The same results, i.e. a levelling of the fluctuations in the initial value, 
could also be obtained if the treatment in the dark was extended to a week 
or more. The leaves became yellow, however, if they remained in the dark 
for long and symptoms of etiolation then became so apparent that the 
accuracy of the readings was endangered. 

It was nevertheless, still possible to observe that the cytoplasm showed 
higher viscosity values during the autumn and winter than during the 
spring and summer, owing to changes in the composition of the culture 
water (Stälfelt 1948). 

In order to obtain a constant initial value for the illumination experi- 
ments in the series described in this paper, the material was pretreated at 
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4 
min. J5OMC,,_/ 1SOMC. 


1500 MC. 


Fig. 2. Light intensities: 150, 350, 750 and 
1,500 meter candles (lux). Otherwise as in 
Fig. 1. 


20° C at an intensity of 450 lux. It was then placed in the dark for 72 
hours. During the first 24 hours the variations in viscosity which take 
place under natural conditions continued. No constant values became 
evident during the second 24 hour period, but the fluctuations decreased. 
After 72 hours stability occurred (cf. Stalfelt 1946). If cytoplasm in this 
stabilized condition is exposed to continuous illumination, a characteristic 
viscosity curve is obtained for each intensity of light. 


Intensities of 22,000, 13,000, 6,500, 3,200 and 2,200 lux (Fig. 1). 


The first reading, which was taken in all the series after 5 minutes 
illumination and subsequently approximately every 15 minutes for 4 hours, 
showed a decrease in viscosity as the initial effect of illumination. The 
decrease was greatest at the highest intensities of light and diminished in 
proportion to the decrease in intensity. At illumination with 22,000 lux, the 
decrease in viscosity became constant. During the rest of the illumination 
period the values remained at the minimum level that it is possible to 
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min. 


20 


Fig. 3. Light intensities: 0.5, 2, 10, 25 and 50 
meter candles (lux). Otherwise as in Fig. 1. 


hours 


measure by the method used here. If the intensity was decreased to 13,000 
lux, the values, following an initial rapid decrease, became irregular and 
showed fluctuations of short duration. A still further decrease in intensity 
(to 6,500, 3,200 and 2,200 lux) gave a smaller initial decrease and after 
approximately one hour the values started to rise. Thus at the lowest inten- 
sities (3,200 and 2,200 lux) the viscosity reached the initial value after one 
hour and 15 minutes respectively and thereafter exceeded it. Stälfelt’s 
investigations (1946) show that this increase represents the rise in the 
viscosity curve which shows a completed course during a period of 
approximately 8 hours. 


Intensities of 1,500, 750, 350, 150, 50 and 25 lux (Figs. 2 and 3). 

On illumination at these intensities, no decrease in the viscosity values 
could be observed as an initial effect. Either the same figure as the initial 
value at the first reading was obtained (at 1,500 lux) or an immediate rise 
occurred. This increase occurred most rapidly on illumination at around 
100 lux. 

Intensities of 10, 2 and 0.5 lux (Fig. 3). 

At these low intensities the initial effect of illumination was a transient 
decrease in the initial viscosity. At an intensity of 0.5 lux it was observed 
that the decrease remained for 4 hours after the start of illumination. 
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O Imin. 2 min. 3min. 4min. 


Fig. 4 The change in viscosity during treatment with light in the course of the first 5 
minutes after the beginning of illumination. Light intensities: 2,200, 3,200, 4,450, 9,750, 
13,000 and 22,000 meter candles (lux). Abscissa: time for the readings (min.). Ordinate: 
rel. viscosity measured by means of centrifugation time (as in Fig. 1). In order to obtain 
exactly the same value for the viscosity, varying centrifugal speeds were used for the 
different series in this experiment. The speed was, however, constant in each separate 
series. This will not of course alter the subsequent increase or decrease in viscosity. 


A condition for the observation of the changes in viscosity at various 
times is that all the leaves illuminated at the same intensity and for the 
same period show the same viscosity values at each individual point of 
time. The initial viscosity value is the same for all the leaves on one stem 
with the exception for that part, approximately 5 cm in length, immediately 
posterior to the stem apex. The cytoplasm of the leaves at this site usually 
shows somewhat lower or varying viscosity. It has now been demonstrated 
that if the leaves are removed from the stem and illuminated separately, 
the same values are obtained at the same times. The synchronism between 
the leaves observed by Stälfelt (1946) is thus not the result of a correlation 
between the individual parts of the organism, as might be assumed, but it 
is possible to consider all the leaves from the same stem as similar units 
even when they are removed from the stem and thus unattached to each 
other. It has also been possible to demonstrate this similarity between the 


leaves by means of investigations on photosynthesis in Helodea densa 
(Benecke 1921). 


Analysis of the initial reaction caused by illumination (Figs. 4 and 5). 


In the experiments described in the following, leaves were removed from 
a shoot adapted to light and treated in darkness. They were illuminated 
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Fig. 5. Light intensities: 0.5, 10, 50, 100, 350 and 1,500 meter candles (lux). 
Otherwise as in Fig. 4. 


for one second up to five minutes at intensities of light within the same 
range as in the previously described series. They were centrifuged im- 
mediately after illumination and the viscosity values were thus established. 
The initial effect of illumination at high intensities was an extremely rapid 
and transient increase in the viscosity of the cytoplasm. An increase was 
observed after illumination at 9,700 to 22,000 lux. Similar shock-like in- 
creases of short duration in the viscosity have been observed earlier in 
Spirogyra (Virgin 1948). It is possible that a relation exists between this 
phenomenon and the short-term changes of the electric potential of the 
plasmatic membrane on illumination found by Brauner and Brauner (1937, 
1938). At an intensity of 22,000 lux, the decrease in viscosity began already 
after approximately three seconds. If the intensity of illumination was 
decreased, a proportionately longer time was required before the initial 
reaction became apparent. At an intensity of 2,200 lux, no reaction occurred 
even after five minutes (cf. Fig. 2, the curve for 1,500 lux). At lower 
intensities the increase in viscosity demonstrated in the foregoing became 
successively apparent It is noteworthy that the lower the intensity of light, 
the earlier the increase caused by illumination begins. 

The course of the viscosity curves for the highest intensities of light 
indicate that in short periods of illumination we can probably assume 
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that the product law is applicable here. This question will be discussed in 
a later paper. At the lowest intensities of light the decrease in viscosity 
does not appear so clearly as in Fig. 3, owing to the fact that the viscosity 
values fluctuate around the initial figure and only show a real tendency 
to decrease after approximately 4-—5 minutes illumination The curve for 
0.5 lux shows, however, a definite fall below the initial value. 

This type of reaction, partly positive and partly negative, to stimulation 
by light is also found in the coleoptile of Avena and in other plants in the 
form of phototropism. There is no doubt that this is caused by plasmatic 
factors. It is therefore probable that the phenomenon of phototropism is 
connected with the changes in viscosity demoı.strated in the experiments 
reported here. In any event, there cannot be a question of photosynthetic 
processes, since changes in viscosity have been demonstrated at such low 
intensities of light (0.5 lux) that they lie considerably below those with a 
photosynthetic effect. 

The investigations will be continued. 


Summary 


The investigations described indicate that the reaction of the cytoplasm 
(changes in the viscosity) on illumination are not proportionate to the 
intensity of light. It is, nevertheless, possible to differentiate at least three 
degrees of intensity within which the cytoplasm reacts in a characteristically 
similar manner. 


1. 2,200—22,000 lux. 


The initial reaction at the highest intensities is a considerable transient 
increase in viscosity of very short duration. This lasts for approximately 
5 seconds and is followed by a rapid fall in the viscosity curve. This decrease 
remains on a low level for at least some hours during continued illumination. 
At lower intensities the viscosity starts to increase fairly soon after the 
initial decrease, probably owing to a process of adaptation. 


2. 25—2,200 lux. 


The initial reaction is an increase in viscosity, greatest at intensities 


around 100 lux. The values remain on a high level for at least 4 hours during 
continued illumination. 


3. 0.5—25 lux. 


The initial reaction is also a decrease in viscosity. This can be observed 
after illumination for approximately one minute. The decrease in the value 
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remains, at an intensity of 0.5 lux, for approximately 4 hours after the 
start of illumination. 
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I. Introduction 


In a previous paper (Boysen Jensen 1948) it was demonstrated that the 
gall formation by Mikiola fagi is called forth by the influence of substances 
able to cause cell division and cell elongation in the beech leaf, but that 
no specific gall-forming substance exists. We may go even further and say 
that organogenetic substances in the proper meaning of this word do not 
exist either. When for instance 3-indoleacetic acid is able to cause formation 
of roots, it is not due to the ability of this substance to make every kind 
of embryonic cells form roots. The cells from which the roots originate 
must be able to, that is, have previously been determined to form roots. 
When this determination is present, it may be released with comparative 
ease, for instance by means of 3-indoleacetic acid, and such a substance is 
therefore a realizer, and not an organogenetic substance proper. 

Thus the experiments concerning the formation of galls and roots have 
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not brought us any nearer to the understanding of the organogenesis in 
plants, and we must therefore try to go other ways. 

The fundamental problem of the whole organogenesis is, as will be seen 
from the above, wherein the determination of the embryonic cells consists, 
and how it arises; when present it may, with or without the collaboration 
of a realizing factor, cause a differentiation, an immediately visible mutually 
different development of different parts of a cell, or of the different cells 
in a cell complex. 

As mentioned in the previous paper, a determination pattern is present 
on the axis of a young flower; this pattern, conditioning the development 
of the different organs in the flower, is too complicated to be dealt with 
here. We may consider another case, namely the formation of root hairs 
in Phleum (Sinnott and Bloch 1939, cf. also Burström 1941, 1942). At the 
tip of the Phleum root we find, as usual, a growing point, consisting of 
embryonic cells which are all identical. At a certain distance from the tip 
each cell divides into two mutually different cells, of which the apical one 
does not elongate much, but can grow out into a root hair, whereas the 
basal one grows more in length, but does not form root hairs. In this way 
cell rows arise, consisting of alternating shorter cells, carrying root hairs, 
and longer cells (fig. 1). 

The differentiation thus consists in the fact that by the division of one 
cell we get two cells, which can develop in different ways; it is one of 
the simplest cases of differentiation at all known. Moreover, the dif- 
ferentiation only consists in a mutually different growth of the cell wall 
of the two cells; in the basal cell the growth goes on homogeneously on 
the longitudinal walls, in the apical one it can also go on locally at a 
definite place on the outer wall, thereby causing an outgrowth. As the 
form of the plant cell is determined by the growth of the cell wall an 
understanding of the way in which a root hair is produced will also be 
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of importance for many other differentiation processes in plants. As further 
the growth of the cell wall is a process of which we know relatively much, 


it may perhaps be said that if we are not able to clarify this form of dif- 


ferentiation, there is not much prospect of our succeeding in other cases. 

To explain the reason for the emergence of a root hair at or near the 
apical end of a cell in tomato roots Cormack (1945) has advanced the 
following theory: »Through the progressive hardening of the wall at the 
basal end and from the increasing pressure, the still extending portion of 
the outside wall at the apical end becomes bulged. That the wall is more 
plastic here is indicated by the wide diameter of the bulge itself and by 
the ability of the apical end to grow in length after the bulge has pushed 
out.» It seems doubtful to the author that this theory is capable to explain 
the emergence of a root hair, at any rate it cannot explain the formation 
of a new cell wall during the cell division. 

The factors influencing the growth of the cell wall, besides the living 
plasm, are the following: 1) sugar, 2) enzymes, linking together the sugar 
molecules to cellulose, 3) a suitable concentration of growth substance; 
furthermore, there are various facts in favour of 4) substances yielded by the 
nucleus likewise playing a certain part in the growth of the cell wall; 
finally, 5) a vacuole must be formed, and osmotically active substances 
must be transported into the latter. 

These five factors make their effect felt both in the cells with cell 
elongation, and in the cells forming root hairs. As the growth distribution 
in the cell wall is different in the two types of cells, a sixth factor must 
exist, causing the growth in one type of cell to be distributed in a homo- 
geneous way in the longitudinal walls, whereas in the second type of cell 
a definite part of the cell wall develops into a root hair. This X-factor is 
frequently called the reactivity. The different distribution of the reactivity 
is the very determination pattern of the cells in question. 


II. Localization of the Determinating Factor 


We shall now make an attempt to localize the X-factor, the determinating 
factor. 

When it through investigations of heredity was proved that a dependence 
exists between a definite morphologic or physiologic character in the 
organism, and a hypothetic element, a gene, which is located at a definite 
place in a chromosome, the conclusion was drawn that the nucleus was 
the absolutely dominating element of the cell, that the nucleus interfered 
with and guided the whole development, whereas the importance of the 
plasm was of a rather subordinate nature. It is therefore of the very 
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Fig. 2. Constriction experiment, the 
cell at the plasmatic bridge sending 
a daughter cell into the nucleus- 
free part, being about to separate 
(Fankhauser). 


greatest importance to ascertain that the determination proper, the factor 
conditioning the whole development from the zygote to the complete, 
extremely complicated organism, to be sure requires the collaboration of 
the nucleus, but is in reality located in the cytoplasm. A series of proofs 
to this fact will be given here. 

1. Acetabularia consists of an umbrella, a stem, and a rhizoid, one lobe 
of the latter containing the nucleus. It now appears that the stem, contain- 
ing only plasm and no nucleus, is able, at any rate partly, to reproduce 
a new umbrella, when the original one has been removed (Hämmerling 1934). 
Even if it is probable that the latter morphogenesis is conditioned by 
substances formed by the nucleus and present in the plasm, it nevertheless 
proves that it is the plasm which is the direct morphogenetic element. 
Further, Waris has shown that also in Desmidiaceae a certain differentiation 
can take place in non-nucleate cells. 

2. If an Echinus embryo in the four-cell stage is pressed between two glass 
plates, it is possible to make the cells arising at the following cell divisions 
lie in two layers instead of in four, and as a consequence thereof a 
complete rearrangement of the nuclei takes place so that they will be 
placed in totally foreign domains of plasm. If the glass plate is removed, 
the embryo develops into a normal larva, proving that all nuclei are 
equivalent, and that consequently a differentiation of the nuclei does not 
take place (Driesch, see fig. 33 in Dürken 1936). 

3. By placing a running knot made of hair round a fertilized egg of Tri- 
ton, the egg may be constricted in such a way that it will consist of a nucleus- 
containing part, and another containing no nucleus, the two parts being 
connected by a bridge of plasm. The constriction being only slight, a 
nucleus formed at an early stage in the nuckus-containing part may get 
into the part without any nucleus, whereas the constriction being stronger 
it will receive a nucleus formed at a later stage of the development. The 
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originally non nucleate part may then develop in a normal way, no matter 
which of the nuclei it becomes (fig. 2, Fankhauser 1930). 

4. When the nucleus in an egg of a dragonfly had divided into two, 
Seidel (1932) could with a »Strahlenstichapparatus» kill the one or the other 
of the two nuclei. He observed that »die Nachkommen des überlebenden 
Kernes verteilten sich über das ganze Ei und versorgten bei Bildung des 
Blastoderms, anstatt nur der halben die gesammte Oberfläche des Eies. 
Soweit nicht der methodisch notwendige Eingriff Schäden hinterliess, war 
das Entwiklungsergebnis in jedem Falle eine normale Larve.» 

The three last experiments prove the nuclei to be equivalent. The 
equivalence of the nuclei already appears from the fact that all the nuclei 
arise by mitosis. 

From the above it appears that a morphogenesis can take place in a 
cell without a nucleus and further that the morphogenesis in an originally 
non-nucleate plasm is the same no matter which nucleus it becomes. The 
nucleus seems to build substances necessary for the synthesis of the ele- 
ments in the plasm, but as no differentiation of the nuclei occurs the 
determination must take place in the cytoplasm itself, as Spemann was 
presumably the first to point out. When the two cells in the Phleum root 
develop in different ways, plasmatic differences must therefore exist be- 
tween them. 

The fact that certain groups of cells on the flower axis develop into 
stamens, others again into carpels, is likewise due to the arising of plasmatic 
differences in the groups of cells in question. The building of stamens and 
carpels in hermaphroditic flowers is therefore caused by determination 
followed by differentiation. 

After having localized the determinating factor we shall try to find out, 
how the determination pattern in the Phleum root arises. 


Ill. Embryonic growth 


We first regard a cell which lies in the growing point of the root, and 
which has just divided (fig. 3a). After the division it grows, until it has 
reached the same size as the mother cell (fig. 3b), whereupon it again 
divides into two identical cells (fig. 3c). During the growth of the cell from 
a to b, all the individual parts, cytoplasm, plastides, and genes, must 
consequently have grown to the double size, so that the relative scale 
between them is retained. This form of growth is called embryonic growth; 
it is caused by the single components of protoplasm growing individually, 
so that the new formed components of protoplasm are mounted into the 
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Fig. 3. Root of Phleum; a—c embryonic growth and cell division, outlined; d—f embryonic 
growth and differentiation, outlined. 


protoplasm already existing. The embryonic growth arises consequently by 
intussusception. 

The food substances used by the cell for its growth are supplied from 
the seed. They consist of easily soluble, micromolecular substances, namely 
sugar, amino acids, and salts. The assimilation, the transformation of the 
non living food substances into living substance now occurs by the build- 
ing-up of the food substances supplied, together with other micromolecular 
substances which have arisen by the transformation of the latter, into 
macromolecular substances, especially proteins and polysaccharides. This 
formation of macromolecular substances occurs by connecting the micro- 
molecules to long chains. The macromolecules can again be connected to 
larger particles. 

It is thus characteristic of the protoplasm that it is built up of particles 
which at any rate in one dimension are of completely different order of 
magnitude. The macromolecules may place themselves across each other, 
so that net-like structures arise of more or less solid consistence; the meshes 
of this net-work retain the water. together with the micromolecular sub- 
stances dissolved therein. This construction conditions the manifestations 
of life. It is the solid state that makes possible the variety of structure 
which is the necessary basis for life, and it is the liquid state that makes 
possible the reactions which are the proper characteristic of life. 

The proteins building up the protoplasm may possess an exceedingly great 
variety of structure, which can be increased by fixation of active groups. 
The reactions in the living cell must now be supposed to be made possible 
by the micromolecular substances reacting with groups located in definite 
places on the fibrous protein molecules. Consequently, the reactions are 
bound to the macromolecular elements of structure. The various elements 
of plasm have the ability partly to reproduce themselves, partly to produce 
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definite micromolecular substances which are the building stones of the 
macromolecular substances, for instance sugar, or to produce macro- 
molecules, for instance starch; they may finally decompose substances, 
thereby liberating energy for the non-voluntary building-up processes. The 
protoplasm is thus composed of reaction centers, located in definite places 
of the protoplasm. 

As an example of location of reactions in definite places of the proto- 
plasm may be mentioned: 

The genes have the ability of reproducing themselves, besides they are 
concerned with the production of certain substances, for instance arginine, 
tryptophan, chlorophyll, and so on. 

The apo-enzymes, that is, the protein components of the enzymes, may 
presumably likewise reproduce themselves. 

The formation of starch is attached to reaction centers in the plastides. 

Chlorophyll is likewise formed in the plastides only. 

The assimilation of carbon dioxide takes place in the chlorophyll films 
of the plastides. 

The intussusception is a result of such a location of reaction centers. 


IV. Cell Division 


If the cell continues to grow embryonically in the way stated, a structure 
would rather quickly result which was unfit to exist. During the growth 
of the cell there is a close interaction between nucleus and cytoplasm, 
and the distance from the nucleus to the individual parts of the cytoplasm 
must not therefore be too large. When the cell has reached a certain size, 
a discontinuity therefore occurs in the development, a cell division takes place 
(fig. 3c). The latter consists partly in a division of the nucleus into two 
daughter nuclei, and partly in a separation of the two daughter cells by 
a cell wall; the two daughter cells are completely identical. We shall regard 
the two processes separately. 

Nuclear division. The most important elements in the nucleus are the 
genes, arranged linearly in a rather small number of special bodies, the chro- 
mosomes. As mentioned above, each individual gene reproduces itself. After 
the genes have duplicated, a longitudinal splitting of the chromosomes 
oceurs, so that two identical halves appear. Next a rearrangement takes 
place, the two chromosomes being moved one to each side, and gathered 
into two groups, each of which is transformed into a daughter nucleus. 
Consequently the cell is able to move the chromosomes to a definite place 
in the cell. 


Formation of a cell wall. The two daughter nuclei are connected by 
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the spindle. In the equatorial part of this spindle peculiar thickenings will 
arise on the spindle-fibres, gradually melting together into a cell wall, 
which separates the two daughter cells. The cell wall consists of pectin 
and cellulose. The cell must therefore be able to form such substances; 
when they are found in a definite place only, namely in the equatorial 
plane, it must be due to the fact that certain cellulose building centers are 
found in this place, the object of which is to link the glucose molecules 
together in long chains, the cellulose-molecules.! During the cell division 
these cellulose building centres therefore lie inside the cytoplasm, in other. 
cases they lie on the surface of the cytoplasm, distributed either homo- 
geneously, when the growth of the cell walls occurs homogeneously, or as 
is the case in tracheids and vessels in definite patterns, forming rings or 
screws on the inside of the cell wall. 


V. Determination 


It appears from the above that the formation both of the micromolecular 
and macromolecular substances occurs in close connection with the macro- 
molecules. The formation of a definite substance, for instance starch, is 
therefore located at the place, where a reaction- or a building-centre is 
found, a macromolecule able to produce the substance in question. As 
will be seen from the nuclear division, the cell is able to rearrange the 
building centers, that is, to move them to a definite place in the cell. It 
is not only the chromosomes that may be moved, but other cell elements 
as well, for instance chloroplasts which are moved about in the cell, so 
that they are exposed to a suitable intensity of light, and the nucleus which 
is often placed near the spot, where a specially strong growth of the cell 
wall takes place. 

The fact that the cell is able to move the reaction- or the building-centers 
to definite places, is of the very greatest importance to the understanding 
of the determination. As long as the normal distribution of the reaction-. or 
the building-centers is kept up, growth and development are undifferentiated, 
whereas when a rearrangement or transfer of the reaction or the building 


1 The formation of starch likewise takes place on one or more definite points in the 
plastides. The starch building centers seem to consist of one or two enzymes which 
catalyse the synthesis of starch from glucose-l-phosphate, if a polysaccharide starter is 
present (References by Peat 1946). If an analogy can be drawn between the synthesis 
of starch and cellulose the cellulose building centers also must consist of enzymes (and 
a polysaccharide starter) which effects the synthesis of cellulose from glucosephosphate. 
According to Farr (1941, cf. also Castle 1945) cellulose particles are formed in colourless 
plastides in living cotton fibres. 
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centers occurs, a differentiated growth and development will arise. The 
determination is probably such a rearrangement of the building centers. 

To be sure there are also other possibilities to explain that a located 
growth or development occurs. One such possibility is that not the building 
centers, but a body or an element accelerating their activity, are moved to 
a definite place in the cell. For instance the local growth of the cell wall 
during the formation of root hairs could be supposed to be caused by the 
nucleus being moved to the place where a root hair is to be formed, 
whereas the cellulose building centers were not moved. Such a location 
of the nucleus may in certain instances be observed directly under the 
microscope. That this location is not, however, the primary cause of a local 
growth of the cell wall appears from the many instances, showing that a 
local growth of the cell wall may take place, even if the nucleus lies in the 
middle of the cell. Neither could the many different thickenings in tracheids 
and vessels arise by such a local position of the nucleus. Further, a localized 
growth could arise by a local newbuilding of the building centers or by 
a local blockade or acceleration of the activity of these centers through a 
reaction with other macromolecules or micromolecules which then must 
be transported to the place in question. Nevertheless a rearrangement of 
the building centers seems to be the most probable way to explain a local 
growth. This view is likewise supported by the fact that a direct rearrange- 
ment may sometimes be observed in the microscope, not only of chromo- 
somes, plastides, and nuclei, but also of cytoplasmatic components. During 
the fertilization and the first nuclear division of the Ascidia egg five diffe- 
rent kinds of cytoplasm may be seen to arise, which can be distinguished 
from each other by staining power and grain size; they are arranged in 
a definite way in relation to each other and develop in individually diffe- 
rent ways (fig. 4). 

From the above it appears that there is no mysticism as to the macro- 
molecules composing the living protoplasm, at any rate in the main we 
know the structure of these substances. The mysticism in the living cell 
— and such one does really exist — is the distribution of these substances 
in the cell, so that a changing, but always harmonic submicroscopical proto- 
plasm structure appears. 

We will now apply this theory to the determination in the Phleum 
root. It must be supposed that in the youngest embryonic cells the cellulose 
building centers are homogeneously distributed all over the plasmatic sur- 
face, and the growth of the cell walls will therefore also be homogeneous. 
In the cell, where the determination occurs (fig. 3d), we must suppose 
that in the basal part of the cell the cellulose building centers remain 
homogeneously distributed over the cell wall, whereas in the apical part 
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Fig. 4. Determination during the development of eggs of Ascidia, Ch Chorda, Ek Ektoderm, 
En Entoderm, Mes Mesoderm, N Neural material (Conklin). 


a number of them is gathered in a definite place on the outer wall. When 
the cell is then divided into two, the basal cell will be determined only 
for cell elongation, whereas the apical one also will be determined for the 
formation of a root hair. The two different determination patterns will 
then result in two different differentiation patterns, cell elongation and 
formation of root hairs respectively (fig. 3 f).! 

The formation of root hairs arises by the cell wall becoming bulged at 
a definite place. The tracheids and the vessels are instances of the fact that 
even the thickening growth of the cell wall can be locally different, 
whereby rings and screws and the like are formed on the inside of the 
cell wall. Such differentiation patterns must, in a similar way as is the 
case in the Phleum root, be conditioned by a series of different deter- 
mination patterns, arising from the cellulose building centers being arranged 
in such a way as to form rings or screws on the surface of the cytoplasm. 
The structure of the cell wall is probably a casting of a corresponding 
structure on the surface of the plasm. 

Further, when in Caulerpa a cellulose bar is produced in a bridle of 
cytoplasm (Strasburger 1882), we must assume that cellulose producing 
centers (according to Strasburger microsomes) are gathered and multiplied 
in this bridle. 

Nothing is known of the means by which the rearrangement of the 
building centres is achieved. Concerning the distribution of the chromo- 
somes during the anaphase several hypotheses have been set up. As the 
so-called tractile fibre is attached to a distinct morphological element 


1 It was mentioned above that according to Farr the cellulose particles are produced 
in plastids. If this view is correct the dislocation of these cellulose producing plastids 
on definite places in the cell would be quite analogous to the dislocation of the chloro- 


plasts in the cell by the influence of light. 
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of the chromosome, the centromere, which connects the two arms of the 
chromosome, and as during the separation the centromere moves ahead 
along the course of the tractile fibre the most probable hypothesis seems 
to be that in one way or another the chromosomes are dragged apart by 
contractions somewhere in the cytoplasm in the neighbourhood of the 
chromosomes. 

The last problem will then be, which factor guides the rearrangement of 
the building centres; about this we know nothing. As stated above the 
rearrangement is not controlled by the genes. 

As .mentioned above, a rearrangement of the reactive or the formative 
centres in the cell seems to be a way in which we may explain the arising 
of the determination in the cells. It is now of the greatest importance, not 
only whether the hypothesis is correct, but also whether it is fertile, whether 
it may give rise to investigations able to confirm or reject it. I shall not 
try to hide the fact that it will be connected with difficulties to solve these 
problems, but certain possibilities seem yet to exist, whereby they may be 
approached somewhat. Later on I hope to be able to return to this subject. 


VI. Summary 


In a previous paper it was demonstrated that a special gall forming sub- 
stance does not exist. 

No more do organogenetic substances in the proper sense of the word exist. 
When for instance 3-indoleacetic acid may cause a formation of roots, 
it is due to the fact that the cells in question are already determined for 
forming roots, and it is the latter determination that it released by the 
3-indoleacetic acid. 

The problem is then, how this determination arises. 

In order to illustrate the latter question, a specially simple example was 
chosen, namely the formation of root hairs on roots of Phleum. The 
determination consists in the fact that by a cell division two mutually 
different cells arise; one of them elongates in the normal way, whereas to 
begin with the other one does not elongate, but grows out into a root hair. 

The theory is now proposed that in this case as well as in others 
the determination is caused by the building centers being distributed in 
definite ways inside the cells. That the cells are able to move and locate 
formative centres in definite places in the cell is seen by the nuclear division, 
by which chromosomes separate and gather into two groups. It may be 
supposed that the determination in the Phleum root is caused by means 
of a heterogeneous location of the cellulose building centres; in the elongat- 
ing cell they are homogeneously distributed over the cytoplasmatic surface 
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along the longitudinal walls, whereas in the root hair forming cell they 
gather in a definite place of the outer side of the cytoplasm. In tracheids 
and vessels other determination patterns appear, the cellulose building 
centers being gathered in rings or screws on the surface of the cytoplasm. 

The genes are the stable element in the cell, the plasma the changeable 
one. The function of the genes — besides to reproduce themselves — is 
probably to collaborate by the production of unspecific substances which are 
necessary for the building of some of the macromolecules. A specific organiz- 
ing effect cannot be attributed to the substances, produced by the genes. 
The morphogenetic effect is located in the plasm which can build a series 
of different patterns, these patterns make the different cell types arise during 
the development. 


P. S. After this paper had been finished a publication by Hämmerling 
appeared: Neue Untersuchungen über die physiologischen und genetischen 
Grundlagen der Formbildung (Naturwissensch. 33, 337, 361, 1946 publ. 
1947). H. grafted for instance a stem of Acetabularia crinulata without a 
nucleus on a basal part of Acetab. mediterranea with nucleus and vice 
versa. He obtained either an umbrella characteristic for the nucleus contain- 
ing part, or an umbrella of an intermediary type. He concludes that as the 
plasm is the same in the grafted plants the development of the umbrella 
must be determined by »formative Wirksstoffe» given off by the nuclei. 
He distinguishes between »hutgestaltende» and »hutbildende» substances. 
Of course H. is right in assuming that the different nuclei produce different 
substances, and that these substances in one way or another collaborate in the 
development of the umbrella. But the fundamental problem is in my opinion, 
that an umbrella can be developed from a stem without a nucleus. That 
seems to me to prove that it is the plasm itself which is responsible for the 
development of the umbrella. I mean to be in accordance with Spemann, 
when he writes: »Wenn Gebilde von hoher morphologischer Struktur durch 
einfache Stoffe hervorgerufen werden, dann liegt in diesen Fällen die ganze 
Komplikation auf Seiten des Reaktionssystems; dann passt also hier auch 
der Begriff des Organisators nicht mehr. Ein ’toter Organisator’ ist ein 
Widerspruch in sich selbst.» 

The difference between Hämmerlings interpretation and that of mine is 
perhaps not so great. H. writes: »Gleichzeitig ist aber hervorzuheben, dass 
aus demselben Grunde die hierüber hinausgehende Rolle des Plasmas nicht 
abgeschätzt werden kann. Diese voreilig als geringfügig anzusehen, z. B. 
nur im Sinne eines mehr passiven Substrates, aus dem Etwas geformt wird, 
davor muss bei unserem Objekt schon die Tatsache bewahren, dass eine 
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andere Komponente des Formbildungsgeschehens ebenfalls als gleich anzu- 
sehen, trotzdem aber von grösster Bedeutung ist, nähmlich die Hutbildungs- 
stoffe. Ihre aktive Wirkung ist ja Voraussetzung, dainit sich die zum unter- 
schiedlichen Artgeschehen führenden Vorgänge am Hute vollziehen können.» 

I could agree to this statement if the term umbrella forming (hutbildende) 
substances was replaced by umbrella realizing substances. Surely these 
substances are not »hutbildend», which appears from the fact that a cul- 
tivated Acicularia when wounded can produce an umbrella although it does 
not do so normally (Beth 1943). The »hutbildende» substances stimulate 
the formation of the umbrella, but they are not »hutbildend» in the proper 
sense of the word. It is the same as when different substances can produce 
a nuclear division, viz. a rearrangement of the building centers in the 
nucleus. Nobody will maintain that these substances are able to divide the 
nucleus, any more can wound substances, or a substance given off by the 
nucleus make an umbrella. The means by which the formation of an umbrella 
is accomplished are lying in the plasm itself. 
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For a long time it has been known that high concentrations of carbon 
dioxide have a retarding effect on the photosynthesis of plants. A review 
of this question is given by Rabinowitch (1945, p. 330). An effect of excess 
carbon dioxide seems to have been found only in experiments with land 
plants. Very few experiments have been made with submersed plants 
(phanerogams and mosses), but these have not shown any effect of high 
concentrations. On this account it has been suggested that the decrease in 
photosynthesis should be caused by the closure of the stomata. No experi- 
ments seem to have been made with algae. 

A special effect of carbonate ions on photosynthesis or growth, which 
are here supposed to be equivalent, has not been reported previously, 
although the results of some experiments may be interpreted as an effect of 
them (see below). 

In my own experiments the previously used culture of the planktonic 
green alga Scenedesmus quadricauda (Yurp.) Bréb. has been used and the 
culture conditions have been Ihe same as reported previously (Österlind 
1947). 

Two culture solutions were used, both containing the same amounts of 
the usual nutrient salts, but with different amounts of sodium carbonate. 
Solution A contained '/,, moles of carbonate per litre and solution B !/gs 
moles. In two experiments, numbers 136 and 137, the concentration of the 
carbonic acid components have not been varied by adding various amounts 
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Fig. 1. Concentration of the 
carbonic acid components in the 
nutrient solutions used in the 
experiments. 


of carbonate, but by adding various amounts of hydrochloric acid, thus 
solution B in these experiments contained !/,, moles of carbonate and ‘},4 
moles of hydrochloric acid per litre. In experiment 182, a mixture of 
equivalent amounts of sodium and potassium carbonates was used, in the 
other experiments, only sodium carbonate. This change, however, makes 
no detectable difference in growth. 

The inoculated solutions were distributed to tubes with 10 ml in each. 
Carbon dioxide was added in various amounts as described before (loc. cit.). 
The tubes were closed with paraffin-sealed rubber stoppers and shaken to 
produce an equilibrium between the gaseous and liquid phases. 

In solutions A and B the concentrations of the various carbonic acid 
components, i.e. carbon dioxide, bicarbonate, and carbonate, vary with pH 
as shown in Fig. 1. Carbon dioxide includes both hydrated and unhydrated 
carbon dioxide. 

The results of four experiments are combined in Fig. 2. Every point 
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Fig. 2. Growth of Scenedes- 
mus quadricauda at various 
pH values. Unfilled — signs 
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represents the mean value of two tubes. The points do not fit the curve quite 
well, yet I think some significant results may be drawn from the graph. 

Optimal growth was obtained at pH 8.1, and at this pH there was no 
significant difference in growth in the two solutions. At lower pH values 
the two curves differ and better growth was obtained in solution B than 
in A. From Fig. 1 we see that when the pH sinks below pH 8, the carbon 
dioxide concentration increases rapidly, whereas the concentration of bicar- 
bonate is constant. If the carbon dioxide concentration is held constant 
(by aerating the cultures with 5 percent carbon dioxide, in experiments not 
reported here), then growth is optimal at pH 7 and amounts to 90 percent 
at pH 6. Thus the difference in growth between solutions A and B must 
depend on the varying carbon dioxide concentration and the reason why 
the curves on the whole are sinking must be the increasing concentration of 
carbon dioxide. 

In Fig. 3 the points on the acid side of pH 8 in Fig. 2 are placed in a 
graph where the abscissae are the concentrations of carbon dioxide. We 
see that the points from solution A and B fit the curve about equally well, 
and from this we can also conclude that the decrease in growth at lower 
pH values than pH 8 must be an effect of the carbon dioxide concentration. 
The effect seems to be pronounced at 2 mmol/l of carbon dioxide. 
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Fig. 3. Growth of Scenedes- 
mus quadricauda at various 
carbon dioxide concentrations. 
For explanation of signs see 
Bigs 2. 


On the alkaline side of pH 8 we have a similar phenomenon. The growth 
in solution B has also here been greater than in the more concentrated 
solution A, especially between pH 9 and 10. At higher pH values there seems 
to be only a very small difference. 

The concentration of carbon dioxide sinks very rapidly when the pH 
rises. In solution A it is 73 ymol/l at pH 9.0, 3 wmol/l at pH 10.0 and 0.04 
wmol/l at pH 11.0. In solution B the concentrations are about half these 
values. 

We know (Österlind 1948) that Scenedesmus grows very well in 10 umol 
of bicarbonate per litre. Even at pH 11.3 the concentration of bicarbonate is 
1 mmol/l and at lower pH values, still higher. Thus it cannot be the low 
concentration of carbon dioxide which limits growth at high pH values, 
as the bicarbonate concentration is high enough to give optimal growth. 

The fact that growth is better in solution B than in A also argues against 
this assumption. If the low concentration of carbon dioxide was limiting, 
then growth should be slower in solution B than in A. Another explanation 
is that the high concentration of hydroxyl] iens injures the cells. This is 
certainly a factor of great importance, but it cannot be the only one, for 
then growth should be equal in solution A and B at the same pH. 
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I think that there must also be an effect of carbonate ions, for we see 
from Fig. 2 that the concentration of them is twice as high in solution A 
as in B, and if high concentrations of carbonate ions injure the cells, then 
growth must be better in solution B than in A. The effect seems to enter at 
concentrations above some 4 mmoles of carbonate per litre. 

At the highest pH values used, above pH 10, the effect of hydroxyl ions 
seems to be the most important one, as we see that growth is about equal 
in the two solutions. There also seems to be an effect of time, for in experi- 
ment 182 it was established that there was no growth during the later part 
of the time of illumination at the highest pH value. The high position of 
the values from experiment 138 at pH 11.4 very likely depends on the 
greater amount of inoculation material in this experiment. However, the 
experimental values are as yet too few to allow a more exact treatment. 

Two explanations have been proposed (Rabinowitch 1945) of the effect 
of high concentrations of carbon dioxide (neglecting the effect on stomata). 
According to the first one it should be a case of narcotic poisoning, carbon 
dioxide blocking the active surfaces of the photosynthetic apparatus. The 
other possible explanation is that carbon dioxide should acidify the cell 
content. 

The same explanations can be proposed in the case of carbonate ions, 
but then of course an excess should make the cells alkaline. At pH 10 the 
concentration of carbonate ions is 150 times greater than that of hydroxyl 
ions. It is then possible that they enter the cells and injure them more 
rapidly than the hydroxyl ions. I do not think that at the present it is 
possible to support one of the theories more than the other. 

When Warburg (1919) made his determinations on the assimilation of 
Chlorella at various concentrations of carbon dioxide he used buffer mix- 
tures of 0.1-m carbonate and bicarbonate, where the carbon dioxide con- 
centration varied in a similar way as in the experiments reported here. 
The result was that assimilation was lower at high pH values and low 
carbon dioxide concentrations than at low pH values and high carbon 
dioxide concentrations. Warburg does not mention that the other factors 
varying simultaneously with concentration of carbon dioxide, namely pH 
and concentration of carbonate ions, may have an effect on assimilation, 
but supposes that the only factor having an effect on assimilation in this 
case is the carbon dioxide concentration. Now it is not possible to know 
if Warburg’s Chlorella can use bicarbonate, but from the experiments Te- 
ported here it is seen that the same effect as Warburg found may also be 
had if the alga uses bicarbonate, and the concentration of carbon dioxide 
is not limiting. Thus the experiment of Warburg cannot be used, as Rabi- 
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nowitch (loc. cit., p. 196) has done, as proof against the opinion that 
bicarbonate ions are taken up by the cells and used in photosynthesis. 

The same objections may be directed to other experiments, where the 
assimilation of a plant at various concentrations of carbon dioxide has been 
determined by using carbonate-bicarbonate buffer solutions (Emerson & 
Green 1934, Smith 1936, 1937, 1938), as it there is impossible to know if 
it really is the low carbon dioxide concentration which is limiting. Emer- 
son & Green (1938) mention cursorily that photosynthesis at a certain 
concentration of carbon dioxide is greater in a more diluted solution and 
conclude »that other factors besides the concentration of free carbon dioxide 
determine the rate of photosynthesis in the carbonate mixtures». This seems 
also to be the case. 


Summary 


A retarding effect on growth of Scenedesmus quadricauda (Turp.) Breb. 
by carbon dioxide in concentrations above 2 mmol/l is shown. A similar 
effect of carbonate ions in the same range of concentrations is also shown. 
The possible causes of the effects are discussed. Some consequences on the 
interpretation of older experiments are drawn. 
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In previous papers from this institute (Melin & Lindeberg 1939; Melin & 
Nyman 1940, 1941; Melin & Norkrans 1942; Norkrans 1944) various 
Hymenomycetes forming mycorrhizae with trees were reported for which 
parlial or complete defiency of thiamine or its precursors was limiting for 
growth in a synthetic nutrient solution containing salts and sugar. Some 
of the mycorrhizal fungi investigated seemed to suffer also from deficiences 
of other indispensable substances. It was recently demonstrated (Melin & 
Mikola 1948) that amino acids had a stimulating effect on the growth of 
Cenococcum graniforme. 

The present paper deals with a study of growth factors for Lactarius 
deliciosus, a mycorrhizal fungus with pine and spruce.' Investigated Swedish 
strains of this species grew very slowly in a nutrient solution of glucose, 
mineral salts, and ammonium nitrogen, supplemented with thiamine (Melin 
& Nyman 1940, p. 331). It was later established that small amounts of forest 
litter extract supplied to this nutrient solution exerted a very beneficial effect 
on the growth (Melin 1943, 1946). The nature of the active substances could 
not be determined. 

Since it was known (Almoslechner 1934; Nielsen & Sing-Fang 1937), that 
sporophores of Boletus edulis contain water soluble growth-promoting 
substances, which are active on fungi, it seemed to be desirable to investigate 
also the effect of water extracts prepared from sporophores of Hymenomy- 

"It has been earlier established experimentally that L. deliciosus forms mycorrhizae 
with pine and spruce (Melin 1924, 1925: Hatch & Hatch 1933). 
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cetes. Observations in connection with these investigations suggested that 
the effect of casein hydrolysate and amino acids should be determined. 

In our experiments reported here two strains, designated C and D, were 
used. These had been obtained as tissue cultures from young sporophores 
of Lactarius deliciosus, collected in pine forests not far from Uppsala. They 
were isolated in 1940 (C) and 1945 (D). The stock cultures were maintained 
on an agar medium made up with synthetic nutrient solution and malt 
extract. By transferring to fresh medium at short intervals the strains were 
kept in a fairly good condition. For the experiments the mycelia were 
cultivated in 100 ml Erlenmeyer flasks containing 20 ml of liquid medium. 
The glassware was Jena »Geräte Glass» cleaned with sulphuric acid- 
dichromate solution, and thoroughly rinsed with tap and distilled water. 
The flasks were inoculated with square pieces cut out from colonies grown 
in Petri dishes. The cultures were incubated for 35—40 days in the dark 
at a temperature of 25°C. Dry weights were determined after washing 
with distilled water and drying at 102° C. 

The basal solution contained per litre (cf. Lindeberg 1941): 


Biucase een oo 20.058 SE FeCLe(1 Ve soll.) =... ....*-2- 0.5 ml 
MELOS 0. 02:0 10 g ZnSO,-solution (Zn-conc. 1:500) 0.5 ml 
MgSO, :- 7 H,O ...... 0.5 g 


NH,-tartrate was used as the source of nitrogen, in amounts varying be- 
tween 0.5 and 5.0 g per litre. The nutrient solution was supplemented with 
thiamine (50 y per litre). 


Effect of extracts prepared from sporophores of Hymenomycetes 


Extracts were prepared from collected sporophores of separate Hymeno- 
mycetes. The ground material, to which was added some distilled water, 
was heated in large Erlenmeyer flasks in an autoclave to 100°C for 15 
minutes, and afterwards kept in a refrigerator at +2°C for 24 hours and 
then pressed through a straining cloth. The extract obtained was autoclaved 
at a temperature of 120° C in Erlenmeyer flasks and stored at +2° C. The 
average amount of dry substance in the extracts was 30 mg per ml. The 
extract was aseptically pipetted into the autoclaved flasks containing the 
synthetic nutrient solution. The concentration of this was so adjusted that 
the amount of its constituents after the additions of the extract was always 
the same as in the control flasks without extract. The total amount of the 
culture medium after the additions was always 20 ml per flask. 

In our first experiments, extracts of Lactarius deliciosus (L.) Fr., L. rufus 
(Scop. ex Fr.) Fr., and Hebeloma sinuosum Fr. were used. The amount of 
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Dry Weight 
Ing 
30 


20 


Fig. 1. Average dry weights 
cf cultures of Lactarius deli- 
L ciosus (strain C) after 35 days 
70 in 20 ml of a liquid medium 
of mineral salts, glucose, NH4- 
tartrate, and thiamine to which 
various amounts of sporophore 
extract (L. rufus [L] or He- 
belcma sinuosum [H]) were 

added. 

7 a 3 4 5 ml 


extract was varied between 0.1 and 10 ml per flask. The initial pH varied 
between 5.6 and 5.8. Each series comprised six parallel cultures. The effect 
of the extract on the growth is made clear by Figs 1 and 2. In the nutrient 
solution without extract the growth was very insignificant and the weights 
of the mycelia after 35 days were only 1.9 and 0.7 mg respectively. An 
addition of only 0.1 ml (c. 3 mg dry weight) of extract had, however, a 
very beneficial effect and an increased amount of added extract resulted 
in an increased rate of growth. The largest dry weights of mycelia were 
obtained for additions of 1 ml of extract (L. rufus extract) and 2.5 ml 
(L. deliciosus and Hebeloma extract) respectively, while larger additions 
brought about an inhibiting effect. 

In a following experiment sporophore extracts of nine Hymenomycetes 
were used. The extract was supplied in amounts corresponding to 300, 100, 
and 30 mg dry weight. Each series was carried out with four parallels. The 
extracts contained the following amounts of dry substance per ml: 


Clitocybe nebularis (Batsch ex Fr.), 49.1 mg. 
» opace (‘Sow ex Fr.), 24.0 mg. 

Coprinus atramentarius (Bull. ex Fr.) Fr., 21.9 mg. 
» comatus (Q. F. Mull. ex Fr.) Fr., 29.5 mg. 
» micaceus (Bull. ex Fr.) Fr., 38.3 mg. 
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ny 
30 


20 


Fig. 2. Average dry weights 
of cultures of Lactarius deli- 
ciosus (strain C) after 35 days 70- 
in 20 ml of a liquid medium 
of mineral salts, glucose, NH4- 
tartrate, and thiamine to which 
various amounts of sporophore 
extract (L. deliciosus) were 


en 700 200 300 mg 


Craterellus lutescens (Pers. ex Fr.) Fr., 34.5 mg. 
Lactarius necator (Pers. ex Fr.), 32.7 mg. 
Stropharia Hornemannii (Fr.), 24.2 mg. 
Tricholoma personatum (Fr. ex Fr.), 45.7 mg. 


The nutrient solution mentioned above was supplemented with 0.5 mi 
MnSO,-solution (Mn conc. 1 : 400) and 5.0 ml 0.1 mol. CaCl,-solution per 
litre (cf. Lindeberg 1944, p. 42). 

The results have been compared in Table 1. The growth was very slow 
in the control flasks and the mean weight of mycelium after 35 days was: 
only 0.6 mg. The sporophore extracts investigated, added in amounts of 
30 mg per flask, generally exerted a beneficial effect on the growth of L. 
deliciosus. The effectiveness of the extracts varied, however. After 35 days, 
eight extracts added in quantities of 30 mg per flask were beneficial in the 
following order: Tricholoma personatum=Coprinus comatus>Stropharia 
Hornemannti=Coprinus atramentarius>Coprinus micaceus=Lactarius ne- 
cator=Craterellus lutescens>Clitocybe opaca. The addition of 30 mg of 
extract of Tricholoma personatum or 30 mg of extract of Coprinus comatus 
per flask produced four times more dry weight than did an equal amount 
of extract of Clitocybe opaca. Additions of 100 mg of the eight extracts 
mentioned exerted, on the other hand, a strongly inhibiting effect and 300 mg 
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Table 1. Effect of different amounts of sporophore extract from nine Hymenomycetes on 
the growth of Lactarius deliciosus (strain D) in a nutrient solution containing salts and 
glucose supplemented with thiamine. Growth period 35 days. 


Dry weight | 


| 
I 
| of extract : Dry weight Initial Final 
Type of extract | in 20 ml | ms 8 pH pH 
' medium mg 
| | | | 
' No addition { 0.6 5.4 | 5.3 
e@htocybe nebularis... 2... en... i 300 | 0.1 | 2.9 | 5.6 
| 100 Dat 5.8 | 5.5 
30 OF Wa 5.6 | 5.4 
Gliloceybe opacan mn... 2eme 300 | 0.2 5.9 5.6 
100 2.8 ; 5.9 5.8 
30 | 66 | 57 5.8 
Coprinus atramentarius............. - 300 | 0.1 ! 5.7 5.4 
100 za | 5.7 5.8 
30 | 17.27 5.6 5.5 
CHpzinus COMALUS ee 100 | 3.5 5.8 5.6 
30 24.6? | 5.7 aes 
Coprinus micaceus ..................... 300 0.1 5.9 5.3 
| 100 | 4.7 : 5.8 5.6 
30 14.9 5.6 5.1 
Craterellus lutescens .................. 300 0.1 5.5 | 5.5 
100 | 6.5 5.5 5.3 
5020 <4 186 55 | 52 
Baclaniusınecalon szene 300 0.2 5.7 5.5 
100 8.0 5.6 5.3 
30 | 13.8 5.5 5.2 
Stropharia Hornemannii ............ 300 0.1 5.3 5.2 
100 67 | 5.4 5.5 
30 18.9 | 5.4 5.4 
Tricholoma personatum............... 300 253041 | 5.7 5.4 | 
| 100 "| POSE 5.6 58 | 
i 30 | 24.8 | 5.6 5.6 | 


1 Average of three cultures. The fourth culture produced 103.3 mg dry weight of 
mycelium (final pH 4.5). 

? Average of three cultures. The fourth culture produced 72.2 mg dry weight of 
mycelium (final pH 3.9). 


prevented growth. No benefit was observed from the addition of 30 mg 
of extract of Clitocybe nebularis per flask; additions of 100—300 mg of 
this extract per flask prevented growth. 

The various effectivities of the extracts may depend on a different 
amount of active substances or (and) on a different amount of toxic sub- 
stances. It has been reported earlier by Bechmann ‘(1930) that extracts of 
sporophores of Psalliota campestris contain toxic substances. These inhibited 
the germination of the spores of this species. 

It is of particular interest that rich growth occurred in one flask that. . 
contained 100 mg of extract of Clitocybe nebularis. After 35 days the dry 
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weight of the mycelium produced was 103.3 mg while that in each of the 
three parallel flasks was only 0.2 mg. A corresponding situation occurred 
in one flask that contained 30 mg of extract of Coprinus comatus. After 
35 days the weight of mycelium in this flask was 72.2 mg while the mean 
dry weight in the other three flasks in the same series was 24.6 mg. It is 
probable that the mycelia in the divergent cultures underwent certain 
changes, whereby strains arose which developed physiologically in a diffe- 
rent way from the original form. The divergent strains are possibly compar- 
able with the pleomorphic strains, which are described in Trichophyton 
mentagrophytes and other dermatophytes (Emmons 1932; Robbins & Ma 
1945). According to Robbins & Ma (loc. cit.) T. mentagrophytes had no or 
insignificant ability to transform ammonium salts to amino acids necessary 
for protoplasmic protein while the pleomorphic forms were autotrophic as 
far as nitrogen was concerned. This suggested the possibility that the nor- 
mal form of L. deliciosus suffered from amino acid deficiences. 


Effect of amino acids 


In the following experimental series, four preparations of natural casein 
hydrolysates were used: (1) casein (Hammarsten) hydrolyzed by means of 
hydrochloric acid; (2) casein hydrolyzed by means of hydrochloric acid 
(Difco); (3) casein hydrolyzed by means of trypsin, N-Z-case (Sheffield 
Farms Co., N.Y.); (4) »Aminosol» (Vitrum, Stockholm), casein hydrolyzed 
by means of trypsin and erepsin. An approximation of casein hydrolysate 
composed from amino acids was also used. This synthetic casein hydrolysate 
was prepared by adding the following amino acids to distilled water (cf. 
Schmidt 1938, p. 217): 


Glycocoll, Schering-Kahlbaum 01727 ............ 0.5 per cent 
dl-«-alanine, Th. Schuchardt, 0188 .............. 1.9 
di-valhine Lemke & Co: 5679 22.05 22 cece. cel 7.9 
1(—)-leucine, Lemke & Co. 3811 ................ 5.0 
dl-isoleucine, Lemke & Co. 5192 ................. 5.0 
dl-phenylalanine, Lemke & Co. 4341 ............ 3.9 
le )-tyrosine, Lemke, & Co; 4913 ,.5.: ce sue conte 6.6 
1(—)-tryptophane, Lemke & Co. 4828 ............ 2.2 
1(--)-glutamic acid, Merck 2909-70... 4% 32:3 
Paspartie,aad, Light & OR. ae ure nye cms à 4.1 
er enrolne Tag & 60. or... 9.0 
](—)-oxyproline, Hoffmann-La Roche & Co. ...... 0.2 


diserine, Light,& (0.3 2 Auanetgan nt deer. 0.5 
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Table 2. Average dry weight of mycelium produced by Lactarius deliciosus (strain C) in 
40 days in a liquid medium of mineral salts, glucose, and thiamine to which a natural 
casein hydrolysate or a mixture of 18 amino acids was added. 


EEE A 


Addition to nutrient medium per flask Dry à Initial pH Final pH 
3 DEV En 8.1 4.7 4.6 
Casein hydrolysate I 5 we 37 47 42 
E 23, ME. er 7.7 4.9 4.7 
Casein hydrolysate I 5 mE 5.4 4.7 4.5 
Casein hydrolysate IL 73 né) 7 17 12 
FL 25 mg 7.7 4.8 4.7 
es a. 9.7 4.7 4.2 
Synthetic casein hydrolysate ............ 23.8 5.6 | 5.6 
1(—)-cystine, Lemke & Co. 205 ............1..... 0.3 per cent 
dl-methionine, Lemke & Co. 5663 ................ 3.4 
1(+)-arginine HCl, Lemke & Co. 9013 ............ 3.8 
1(—)-histidine HCl, Lemke & Co. 5131, 5247 ...... 25 
d(—)-lysine (HCl),, Hoffmann-La Roche & Co. .... 6.0 


Casein hydrolysate was added to the nutrient medium containing no 
NH,-tartrate.! The quantities of natural casein hydrolysate per flask cor- 
responded to 25.0 and 5.0 mg casein and the quantity of synthetic casein 
hydrolysate to 25.0 mg casein. The experiments were carried out with 6 
parallels. 

The addition of 25 mg of natural casein hydrolysate per flask produced 
about 8 mg dry weight; with 5 mg of casein hydrolysate the yield varied 
_ between 3.7 and 9.7 mg. The synthetic casein hydrolysate gave three times 
greater growth than the natural hydrolysates: 25 mg per flask produced 
23.8 mg dry weight of mycelium in 40 days. In parallel series with NH,- 
tartrate as the only nitrogen source, 0.4 mg of mycelium was formed. 


Discussion 


A mixture of 18 amino acids furnished in the proportions found in casein 
hydrolysate exerted approximately the same beneficial effect on the growth 
of L. deliciosus as the most beneficial sporophore extracts. It is therefore 
probable that at least part of the favorable action of these extracts can be 
ascribed to amino acids. 


1 The nutrient medium contained Fe-citrate instead of FeCls. 
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The poor growth of the fungus in a nutrient solution containing ammo- 
nium tartrate as the only nitrogen source may depend on it having a reduced 
power to synthesize organic nitrogen from inorganic. L. deliciosus seems 
to resemble Trichophyton mentagrophytes in this respect (Robbins & Ma 
1945). Although this fungus was almost incapable of utilising inorganic 
nitrogen, Robbins & Ma found, however, no evidence for indispensable amino 
acids. The fungus used asparagine or any one of 14 amino acids as a source 
of nitrogen, being capable of making from a single amino acid all of those 
needed for its proteins. 


Summary 


1. It has been confirmed that Lactarius deliciosus is poorly developed 
in a nutrient solution containing glucose, mineral salts and NH,-tartrate 
(0.05—0.5 °/o), supplemented with thiamine. 

2. Extracts, which were prepared from sporophores of Hymenomycetes, 
generally exerted a very stimulating effect if they were added in suitable 
amounts. 

3. Natural casein hydrolysate benefited the growth, although not so 
much as certain sporophore extracts. 

4. A mixture of 18 amino acids in the proportions found in casein exerted 
an effect equivalent to the most beneficial sporophore extracts. 
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I. Introduction 


During recent years sodium azide has become one of the respiratory 
poisons most frequently used. It has an effect similar to that of the cyanides, 
but it has some advantages over these, sodium azide being less volatile and 
less hydrolysable than the cyanides. 

By combining with atoms of heavy metals azide inhibits about the same 
respiratory enzymes as the cyanides. Out of the enzymes that Keilin (1936) 
reports as possible to inhibit with azide, especially cytochrome oxidase, 
peroxidase, and catechol oxidase may be mentioned. If an inhibition of 
oxygen consumption is obtained with azide, this suggests that some enzyme 
containing atoms of a heavy metal is affected. In higher plants especially 
the enzymes mentioned above may be involved. One may not, however, as 
is often done, without any further evidence interpret an inhibition with 
azide as an inhibition of cytochrome oxidase. Nor does the fact that the 
respiration of an organ is unaffected by azide always prove that ihe three 
enzymes mentioned above are absent. This paper will give some notes about 
one of the causes of this fact, namely the pronounced pH sensitivity of 
azide toxication. 

Keilin showed (1936) that the oxygen consumption of baker’s yeast is 
inhibited to 98 °/o at pH 5.6, while there is no inhibition at pH 7.5. Experi- 
ments with embryonic heart muscle of fish (Armstrong & Fisher 1940) and 
with the luminescense of the ostracode Cypridina (Chase 1942) also point 
in the same direction. In the investigations on the azide inhibition of the 
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respiration of higher plants (Henderson & Stauffer 1944, Machlis 1944, 
Rosene 1947) only slight regard has been paid to this pH sensitivity. Most 
of the experiments have been performed only at a single pH value. It is 
therefore difficult to compare the different data, as one does not know 
whether the inhibitions in the materials in question are pH-sensitive. Marsh 
and Goddard (1939), who made experiments with carrot tissue, report that 
the effect of sodium azide does not markedly increase from pH 5.7 to pH 4.5. 


II. Exudation experiments 


In a previous communication (Stenlid 1947) it was shown that exudation 
from excised pea roots is increased after addition of cyanide. No parallel 
respiration experiments were made, but the concentrations applied (0.001 
—0.01 M) are known to stop a large fraction of the oxygen consumption 
in plant roots. To investigate whether an inhibition of respiration is always 
accompanied by an increased exudation the effect of some other poisons 
was also tried. Here some of the experiments with sodium azide will be 
presented. 


The exudation was measured by determining light absorption in ultra-violet light 
(see Stenlid 1947). The values given in this paper were measured with a Beckman 
quartz photometer instead of the apparatus used before. In most of the experiments 
3—4 days’ old excised roots of wheat (variety »Diamant II»), barley (variety »Maja- 
korn»), rye (variety »Stalrag»), oats (variety »Segerhavre») and pea (variety » Tors- 
dagsärt II») were used. For further methods see Stenlid 1947. For the extinction 
determinations the samples were acidified with HCl to pH about 1, as the extinction 
of a solution varies with the acidity. Between pH 5 and pH 1 the variation is, how- 
ever, slight for the solutions mentioned in this paper. The extinction due to huffer 
solutions and sodium azide may be neglected at wave lengths above 2500 A. 


From Tables 1—4 it is obvious that the effect of azide on exudation varies 
with the pH of the surrounding solution. Tables 2—4 show that with 
barley roots at pH 4.5 a marked effect is obtained in the whole concentration 
region 0.03—0.7 mmol/l, whereas at pH 6.9 only the strongest solution had 
any effect. At a concentration of 0.03 mmol/l exudation is even slightly 
inhibited, which may, however, be accidental. It should be mentioned, 
however, that Rosene (1947) found that azide at low concentrations sti- 
mulated respiration and water transfer in onion roots, while both processes 
were inhibited at higher concentrations. 

Results similar to those in Tables 1-—4 were also obtained with 3—4 days’ 
old excised roots of oats, rye and pea, and in experiments with excised root 
tips from 14 days’ old wheat plants cultivated in nutrient solution. 
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Table 1. Exudation from excised wheat roots (30—40 mm long) in about 0.01 M citrate- 
phosphate buffers with and without azide. The values give the extinction in a 1 cm layer. 
Duration of the experiment 225 minutes. 


on L 6.2 | 5.8 | 5.0 4.5 
a Final pH 0.1 | 0.1 | 0.1 0.1 | 
as — mmol/l) -- mmol/l} — mmol/l; — mmol/l 
E Le NaN, | NaN, | NaN, NaN, | 
FEN. en... 0.096 0.091 | 0.105 0.129 | 0.129 0.235 | 0.192 0.414 
EEE. en en 0.124 0.120 | 0.134 0.163 | 0.154 0.283 | 0.225 0.482 | 
OT nen 0.149 0.149 | 0.164 0.203 | 0.188 0.351 | 0.275 0.598 
DO nasse 0.161 0.161 | 0.179 0.225 | 0.204 0.386 | 0.295 0.650 
END LR RE 0.153 0.153 | 0.169 0.209 | 0.190 0.340 | 0.265 0.560 
E (buffer + NaN3) 
É(putrer) | 1.0 1.3 | 1.9 2.2 
(A = 2600 A) | | 


Table 2. Exudation from excised barley roots (30—40 mm long) in about 0.01 M citrate- 
phosphate buffers with and without azide. The values give the extinction in a 1 cm layer 
at 2600 À. The pH values are the mean of the solutions with and without NaN3. The 
solution was changed after 70 minutes. 


70—280 minutes 


0—70 minutes 
pH mmol/l 

ve NaN Bins 
initial | final & | 
| ! 

de arm 
52 | 55 | 07 | 0460 
so | sg | 07 0117 
eet ee 
oe ee RE | is | 


= 
| E (buffer + NaN3) 


pH 


mmol/l 


E 


(buffer) 


2.4 
1.9 
1.3 
1.4 


1 


initial} final 


4.5 | 4.7 


5.2 5.3 
5.9 5.9 
6.4 6.4 
6.9 6.9 


NaN, 


0.7 


| 0.7 


0.7 


E 


0.456 
0.136 
0.441 
0.123 
0.336 
0.119 
0.215 
0.100 
0.115 
0.106 


| E (Buffer + NaN3) 
LTE 


(buffer) 


3.4 


3.6 


2.8 


2.2 


Jet 


Table 3. The same as the experiment in Table 2, but lower concentration of azide. 
Duration of the experiment 215 minutes. 


oo  ——————— 
E (putter + NaN3) 


pH 


initi 


4.5 


5.9 


6.9 


al 


mmol'l NaN, 


E 


E(puñer) 


2.7 


1.4 
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Table 4. The same as the experiment in Table 2, but lower concentration of azide. 
Duration of the experiment 215 minutes. 
m 


initial pH mmol/l NaN, | E Fuburer + NaNs) | 
| | E (buffer) | 
| | j 
15 dN shah ee 
5.2 0:03 | a 1.3 
5.9 | Br | aan 0.9 
6.4 | | Bass 0.8 | 
bow ee ee 


IN. Respiration experiments 


To be able to compare the influence of azide on respiration and exudation it 
was necessary to make some respiration experiments under the same conditions 
and with the same plant material as in the exudation experiments. Oxygen 
consumption was determined by means of a Warburg-Barcroft apparatus. The 
experiments were made at 25° C with about 15 root tips (10—-15 mm long) in 
each flask. Although the plant material was cultivated under almost constant 
cenditions the plants did not react in exactly the same manner on different days. 
Only the parallels in the same Table are therefore directly comparable. The variation 
from one day to another was, however, not very pronounced. After starting an 
experiment, some time had to pass before the oxygen consumption became constant. 
The time 0 is chosen after the oxygen consumption had grown approximately 
constant and does not mean that the experiments were started at that time. 


Table 5. Determination of O2 consumption in a Warburg-Barcroft apparatus. Every flask 

contained 0.8 ml citrate-phosphate buffer and 15 root tips of wheat, 0.15 ml 20 °/o NaOH 

in centre well. At } sodium azide was added to flasks 1—3 to give a concentration of 

1 mmol/l; to flasks 4—5 an equivalent quantity of water was added. Initial pH 4.4, final 

pH 4.8 (mean of all the flasks). The O2 consumption is given in arbitrary units (change 
in mm of the manometer readings, corrected for the thermobarometer readings). 


Be F | 
lime in | 
| 


minutes au. Wr: | 
Elask | 0—15 15—30 30—45 45—60 70—85 S5—100 100-130 130—160 160—190 190—220 | 
No. ! 
| RER 

1 wis 15 15 18 3 1 0 0 1 ii 

2 ol 12 14 15 1 1 0 0 0 0 

3 11 be 13 14 1 0 0 — ] 0 0 
4 11 1270374154022 15 25 26 26 He 
5 12 14 15 LS DSi 713 16 27 29 29 32 
RENTE re Fi x - x SE | 
1 3 mean) 1.01 1.02 0.98 0.93! 0.13 0.02 0.00 — 0.01 0.01 0.01 | 
; | 


0.98 | | 


5 | 
j (mean) | 
| 


0/0 inhibition 87. 98 100 100° 99 99 | 
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Table 6. The same as the experiment in Table 5, but initial pH 5.4, final pH 5.6. 


Time in 
Fiss ante: 0—15 15-35 45-60 60—75 75—90 90—150 
No. Fe ¥ 
1 15 20 5 3 3 5 
2 17 23 5 3 2 6 
3 15 20 4 3 3 6 
4 15 20 12 12 12 48 | 
5 16 22 14 13 14 54 
ER 1.00 1.00 0.36 0.24 0.21 0.15 
= an 1.00 ~ 
0/0 inhibition 64 76 79 85 


Table 7. The same as the experiment in Table 5, but initial pH 7.0, final pH 7.3. 


| 
a Time in 
Fl minutes | Q_15 1530 30-45 | 55-70 70-85 85—100 100—115 115—130 130160 160—205 
ele ay 29 D 09 2 2 
No. > 
| ee 
| 1 17 “101 9 11 11 8 10 8 19 25 
| 2 WO EE M 13 12 11 12 21 22 32 
| 3 12 MO Ju 11 10 11 10 19 30 
| 4 ie 12-40 10 10 9 9 10 18 26 
5 12 13 11 11 11 10 10 : qui 20 30 
taney 0.98 0.96 0.98 | 1.11 1.08 1.02 1.16 0.92 1.05 1.03 
ES 0.97 
0/0 inhibition | Sapp ee NE eg eG 


Table 8. The same as the experiment in Table 5, but concentration of azide 0.1 mmol/l. 
Initial pH 4.4, final pH 4.7. 


2 Time in : 
Eick nutes 0-15 15-30 30—45 55—70 70-85  85—100 100—125 
No. a ret Ÿ 
€ | = 
| 1 15 15 13 5 6 4 4 
2 13 14 12 3 5 3 2 | 
3 12 14 13 3 5 2 2 
4 13 14 12 9 13 14: 21 
5 16 16 17 dde 15 u 14 28 
4 | u 0: 0.34 24 0.11 
| os | 0.92 0.95 0.88 | 087 0 | 
~ 49 (mean) i ha ’ 0.92 | j | va. À £2 2 + 
0/0 inhibition 60 63 74 88 
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Table 9. The same as the experiment in Table 5, but concentration of azide 0.1 mmol/l 
Initial pH 5.4, final pH 5.6. 


À 


Time in 
Flask Lie 0—15 15—30 30—45 55—70 70—85 85—100 100—115 115—145 145--175 175—235 
No. 
1 17 17. 19 14 11 10 10 25 18 39 
2 15 16 17 15 11 10 9 23 18 39 
3 13 12 14 13 13 11 11 26 22 46 
4 18 16 18 16 16 15 13 31 28 58 
IR mean) 1.03 ak LI? 1.60 0.76 0.77 0.79 0.84 0.72 0.75 
D wenn) LS 5: 
0/0 inhibition 10 32 31 29 24 25 ae 


Table 10. The same as the experiment in Table 5, but concentration of azide 0.1 mmolll. 
Initial pH 7.0, final pH 7.1. 


re Time in 
Flask minutes) 0290 20-40 40-60 | 70—90 90—110 110—150 150--190 
No. 

1 20 18 21 19 17 33 33 

z 17 17 19 16 15 30 32 

3 18 16 17 17 15 30 34 

4 15 15 17 16 15 29 28 

5 22 19 21 21 19 37 40 

I aay 0.99 1.00 1.00 0.94 0.92 0.92 0.97 

In 1.00 
0/0 inhibition 6 8 8 3 


Table 11. Inhibition of O2 consumption at different pH values and concentrations of NaN3. 
Combination of Tables 5—10. 


a pH 
an et 4.6 5.5 2a) 
NaN, us 
1.0 87—100 64—85 (— 20)—5 
0.1 60— 88 10—32 pas 
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Results similar to those given in Tables 5—11 were also obtained with 
root tips from 3—4 days’ old barley plants and with root tips from wheat 
plants cultivated for 14 days in nutrient solutions. 

Summing up the experiments on O, consumption it can be said that the 
results agree with those from the exudation experiments. The exudation is 
increased when the respiration is inhibited. In both cases the effect is in- 
creased with increasing acidity, concentration, and duration of the experi- 
ments. 


IV. Discussion 


Several weak acids (as hydrofluoric and malonic acids) seem to behave 
in a similar manner as hydrazoic acid. Bonner & Wildman (1946) showed 
that the O, consumption of spinach leaves at pH 4.5 was reduced 80 °/o by 
malonate, whereas it had no inhibitory effect at pH 7.0. Turner & Hanly 
(1947) showed the same for carrot tissue. They emphasize the fact that 
the contradictory data concerning the malonate effect on respiration are 
explicable if the acidity is considered. For malonic acid as well as for 
hydrofluoric acid (for literature see Borei 1945) decreased dissociation and 
increased permeability are suggested to cause the greater effect in acid 
solutions. 

Hydrazoic acid is a weak acid with its pK=4.6—4.8. This means that it 
is dissociated to 50 °/o at pH 4.7, to 90 °/o at pH 5.7, and to 99 °/o at pH 6.7. 
If the undissociated hydrazoic acid penetrates more easily than the anion 
this must result in a stronger effect in more acid solutions. The concentration 
of undissociated hydrazoic acid in the surrounding medium and not the 
total concentration of azide should thus determine the toxic effect (cf. Keilin 
1936). The results in Tables 1—10 support this view. Further it may be 
mentioned that the same effect was obtained in experiments with wheat 
roots at pH 4.5 and 0.2 mmol/l azide as at pH 6.7 and 15 mmol/l azide. In 
both cases the exudation was increased ca. 100 °/o by the azide and in both 
cases the concentration of undissociated acid was ca. 0.15 mmol/l. 

It must be stressed, however, that also several other factors than the 
dissociation of the acid may contribute to the stronger effect in acid 
solutions. The pH of the plasm and sap and the dissociation of their 
constituents are also altered (data for barley and pea roots are given by 
Theron 1924 and for wheat roots by Keyssner 1931) and this may give the 
same result as altered dissociation of the poison. Recently it was shown 
that in vitro hydrazoic acid and not the azide anion combines with cyto- 
chrome oxidase (Stannard & Horecker 1948). In acid solutions the changed 
ionic balance causes an increased absorption of anions (see Lundegärdh 
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Table 12. The same as the experiment in Table 1, but with acetic acid added instead of 
azide. The values give the extinction at 2600 Ä. Duration of the experiment 180 minutes. 
Total concentration of acetate (HAc+NaAc) 0.008 M. 


i 


DE me . E (buffer + Ac) 
initial final E (utter) 
Experiment A 4.75 4.8 ae 0.494 28 
4.75 4.85 — 0.174 a 
5.8 5.85 re 0.158 ne 
5.8 5.8 — 0.134 4 
6.75 6.75 + 0.142 1.0 
5.75 6.75 — 0.140 3 
Experiment B 4.9 + 0.377 2.0 
4.9 — 0.188 F 
5.4 = 0.216 +$ 
5.4 — 0.144 j 
5.9 a 0.150 = 
ays) — 0.149 f 


1945) which may increase the absorption of azide ions although their 
concentration is diminished. 

Summing up one may say that the probable cause of the greater inhibitory 
effect in acid solutions is that the azide combines more easily with the 
respiratory enzymes. Several factors may contribute to this effect but the 
chief one seems to be that ihe undissociated acid permeates more easily. 

Here it can be mentioned that the toxic action of acetic acid is also 
markedly increased at lower pH values, as will be seen from Table 12. 
pK for acetic acid is 4.75, i.e. the same as for hydrazoic acid, and the effect 
also in this case is strong first at pH values in the neighbourhood of pK. 

From observations at a single pH value it is obviously not possible to 
decide how azide affects exudation and oxygen consumption. Even slight 
alterations of the acidity in the physiologically important pH range 4.5—6.5 
may cause great changes in the inhibitory effect. The data stating that a 
fixed part of the respiration of plant organs is resistant to azide are probably 
often not valid at other pH values than those used in the experiments. With 
the methods and the plant material used in this investigation all values 
between insensitivity and complete inhibition may be obtained without 
changing the concentration. This may be interpreted so that all the 
respiration is sensitive to azide but that the permeability for azide to the 
respiration system is free only at low pH values. It is also possible that 
not all of the respiration is sensitive to azide but that indirect processes at 
lower pH values totally stop the oxygen consumption. Warburg (1946) 
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Table 13. Oxygen consumption in phosphate buffer (0.01: M; pH 7.0). Flasks Nos. 1—3 
contain NaNg in a concentration of 1.0 mmol/l. At J} glucose was added to all the flaske 
to give a concentration of 0.01 M. For further explanations see Table 5. 


_ minutes | 
| Flask N 0—30 30—60 60—90 | 100—130 130-160 160—220 
LT No! ie | Y | 
1 22 22 21 | 22 22 41 
2 22 23 21 | 21 24 45 
| 3 23 24 21 | 21 23 48 
4 24 25 24 | 31 32 68 
5 24 24 24 | 29 31 67 


critically reviews the data on cyanide insensitive respiration, which is 
probably the same fraction that is not affected by azide. He says that the 
fact that part of the respiration is unaffected in cyanide poisoned systems 
does not prove that this part is insensitive to cyanide. There are many 
factors complicating this problem. The chief of these are: 1) HCN is volatile 
and is rapidly absorbed by the alkali used for absorbtion of CO,. This error 
can be avoided by using alkali-cyanide mixtures with the same concentration 
of free HCN as the experimental fluid (Robbie 1946). 2) HCN rapidly reacts 
also -on other cell constituents than heavy metal enzymes especially sugars, 
aldehydes, and keto acids. 3) According to the law of mass action a part of 
the enzyme system always remains unaffected. 

If there is any azide sensitive system in the root surface it ought to be 
affected by azide in the surrounding solution also at higher pH values, 
irrespective of the low permeability. As no effect is obtained at pH 7, this 
means either that there is no respiration system sensitive to azide in the 
surface, or that it is inactive under the experimental conditions. Possibly 
there is too little substrate for the enzyme systems. Experiments were there- 
fore made with addition of glucose to the surrounding solution. In pure 
buffer solutions (pH 6.5—7.0) addition of glucose to a concentration of 
0.01 M increased the oxygen consumption by 10—30 °/o. If azide was added, 
glucose caused no, or enly a slight and retarded, increase (see Table 13). 

These results suggest that the utilization of glucose is inhibited by azide. 
This may be due to inhibition either of a respiratory system in the surface 
or of absorption and transport of the glucose. Lundegärdh and Burström 
(1944) discuss the absorption of glucose by wheat roots. They say ». . . glucose 
is absorbed from the surrounding medium by means of an active process. 
This process is apparently located in the surface layer of the root but seems 
not to be identical with the anion respiration.» This view is in good agree- 
ment with the experiment in Table 13. Spiegelman and collaborators (1946) 
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using radioactive isotopes made some interesting observations on the phos- 
phorous metabolism of yeast. They found that sodium azide in a con- 
centration that only slightly affected respiration, totally stopped the phos- 
phorylation processes. It is possible that azide also in plant roots affects 
phosphorylation and hence the absorption of glucose and the utilization of 
it in respiration. 


Summary 


1. Exudation (exosmosis) from excised plant roots is increased by sodium 
azide. The effect of azide is greater at pH 4.5 than at pH 7. 

2. The oxygen consumption of excised plant roots is inhibited by sodium 
azide. In a 1 mmol/l solution there is no inhibition at pH 7, ca. 70 °/o inhi- 
bition at pH 5.6, and total inhibition at pH 4.5. Inhibited oxygen consump- 
tion seems to be correlated with increased exudation. 

3. Addition of glucose in the surrounding medium increases oxygen con- 
sumption of excised wheat and barley roots by 20—30 °/o. In a 1 mmol/l azide 
solution glucose given at pH 7 produces no effect, although azide does noi 
affect the »basic» oxygen consumption under these conditions. 


This work was aided by a grant from »Statens Tekniska Forskningsräd», 
Stockholm. 
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Introduction 


Investigating the growth of wood-decaying fungi on agar containing dif- 
ferent polyphenols (tannic acid, gallic acid etc.), Bavendamm (1928 a, b) 
found that certain species formed a dark diffusion zone under, and around, 
the fungus mats. According to Bavendamm the mycelia of these fungi 
produce an enzyme, polyphenol oxidase, which catalyzes the oxidation of 
the polyphenols, giving rise to dark-coloured quinone-containing products. 
Bavendamm also found that the fungi giving this reaction were white rot 
fungi, i.e. decomposing both the lignin and the cellulose of wood. Brown 
rot fungi, i.e. species decomposing the cellulose but not the lignin of wood, 
generally had no oxidizing action on the polyphenols. Davidson, Campbell 
& Blaisdell (1938) investigated a great number of wood decaying fungi and 
found Bavendamm’s observations to be essentially correct. 

The present author (Lindeberg 1944, 1946) cultivated in pure cultures a 
number of litter-destroying hymenomycetes on sterilized litter, and, by means 
of quantitative analyses, determined the loss of lignin and cellulose, caused 
by the fungi. Out of 46 species 44 proved to decompose both lignin and 
cellulose. Judging from these results the litter-destroying hymenomycetes 
generally attack both of these cell wall components. 

On the other hand, Melin (1925) found the hymenomycetes forming 
mycorrhizae with forest trees to be unable to develop on cellulose. These 
fungi could be grown on sterilized litter only if certain inhibiting substances 
in this material had been removed by leaching, and thereafter a nutrient 
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solution containing glucose had been added (Melin 1946). Thus the my- 
corrhizal fungi do not seem to be able to use any of the water-insoluble 
cell wall components as an energy source. 

With regard to these results the author considered it to be of interest to 
investigate the occurrence of polyphenol oxidases in litter-decomposing and 
mycorrhizal basidiomycetes. The present paper contains the results of this 
investigation together with some preliminary reports on the nature of the 
enzyme of one polyphenol-oxidizing species. 


Experiments and discussion 


As test organisms, pure cultures of litter-decomposing fungi which had 
been isolated and studied by the author in different respects, and also pure 
cultures of mycorrhizal fungi, isolated by E. Melin and collaborators, were 
mainly used. 

To prove the occurrence of polyphenol oxidase in the fungi, these were 
grown on agar containing glucose, common nutrient salts, and malt extract, 
to which in certain series different polyphenols were added. The basic 
agar medium contained per litre of distilled water: glucose 10 g, NH,C1 0.5 g, 
KH,PO, 0.5 g, MgSO,-7H,O 0.5 g, malt extract 2.5 g, and agar-agar 15 8. 
First the fungi were cultivated partly on the basic agar medium and partly 
on this agar after addition of 850.6 mg (5 millimols) gallie acid or 500 mg 
tannic acid. The polyphenols were dissolved in certain volumes of water 
and separately sterilized by filtering through a Seitz-filter. 15 ml of agar 
were used in each petri dish. Inoculations were made from cultures on a 
nutrient agar identical with the basic agar medium mentioned above, but 
for the concentrations of glucose and malt extract, which were both 5 g per 
litre. Inocula of the size 8X8 mm were used. After inoculation, the petri 
dishes were stored at 25° C. Observations upon the behaviour of the fungi 
were made after 7 days. 

The results of these experimental series are shown in Table 1. The fungi 
generally gfew much more slowly on the gallic acid and tannic acid media 
than on the basic agar medium. The inhibition of the growth in most cases 
was more pronounced on the tannic acid medium than on the gallic acid 
medium. When an oxidase reaction occurred, a yellowish brown to dark 
brown diffusion zone could be noted under and around the mycelium. The 
diffusion zone in most cases was much more prominent on the gallic acid 
than on the tannic acid medium. 

In such cases, where the fungi have been experimentally proved to form 
mvcorrhiza with forest trees, or to decompose lignin or cellulose, this is 
noted in the column »Ecological type» of the Table. 
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A discussion of the results with special regard to the ability of the fungi 
to form mycorrhiza or to decompose lignin and cellulose follows below. 

Among the investigated fungi, mycorrhiza-forming species have been 
found in the genera Amanita, Boletus, Clitopilus, Lactarius, and Rhizopogon. 

Among the Amanita-species, A. Mappa (Modess 1941) and Al muscaria 
(Melin 1923 b) have been experimentally proved to form mycorrhiza. How- 
ever, A. porphyria is probably also a mycorrhizal fungus. None of these 
species gave any reaction on tannic acid agar. On gallic acid agar, A. Mappa 
and A. porphyria formed just a slight diffusion zone, while with A. muscaria 
only the inoculum became somewhat dark coloured. 

Boletus bovinus (Hatch & Hatch 1933) and B. Grevillei (B. elegans) as 
well as B. granulatus, B. luteus, and B. variegatus (Melin 1922, 1923 a) are 
typical mycorrhizal fungi. These five species gave no oxidase reaction, neither 
on gallic acid nor on tannic acid agar. 

Modess (1941) investigated the ability of Boletus luridus to form mycor- 
rhiza with Pinus silvestris and Picea Abies but obtained no positive results. 
According to Modess (l.c.) the fungus probably forms mycorrhiza with some 
deciduous tree. B. luridus gave a weak positive reaction with gallic acid but 
no reaction on tannic acid agar. 

Boletus scaber and B. versipellis (B. rufus), which have been proved to 
form mycorrhiza with Betula verrucosa (B. pendula) and Populus tremula 
(Melin 1923 b), formed weak diffusion zones on gallic acid agar, B. scaber 
in addition formed a weak zone on tannic acid agar. 

Modess (1941) found that Boletus subtomentosus could form mycorrhiza 
with Pinus montana. On the other hand, Romell (1939) in field experiments 
found that this species formed fruiting bodies in areas which by means of 
trenching had been isolated from all tree roots. Romell, therefore, assumes 
B. subtomentosus to be a facultative mycorrhiza-former. The strain used by 
the present author gave strong oxidase reactions both on gallic acid and 
tannic acid agar. Therefore the author started an experiment in which the 
fungus was inoculated on sterilized litter. As substrate, straw and leaves of 
Glyceria maxima were used. The fungus rapidly grew out over the material, 
causing a distinct decolourization of the substrate. After 185 days the dry 
matter had decreased by 49 °/o. Thus, Boletus subtomentosus in this experi- 
ment behaved as a litter-decomposing fungus. 

Clitopilus Prunulus is a mycorrhizal fungus of Picea Abies (Modess 1941). 
No oxidase reaction could be established for this fungus. 

Lactarius deliciosus forms mycorrhiza both with Pinus silvestris and with 
Picea Abies (Melin 1925). This species gave a pronounced oxidase reaction. 
Equally, a more or less strong oxidase reaction could be noticed with the 
other Lactarius-species investigated here, viz. L. flexuosus, L. fuliginosus, 
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Table 1. Oxidase reactions of the fungi on different media. 


"me à 
“RE RER 
| ; =3139 2, CIE 
Species teal S slots Species Less = 
mecs" Er 
OBIS SIs S2582 
a Ss = Ss | 
Amanita Mappa Fr. ..:....| + | — | m | Lactarius turpis Fr. ...... Re 
» ae en .....1(+)) — | m | Lepiota clypeolaria Fr. .... EL 
» porphyria Fr. + | — | m‘ » DEOCETQ MET ee al | 
Boletus bovinus Fr. .......| — | — | m || Lycoperdon gemmatum Fr. aba (a x 
» granulatus Fr. eo | = tea aR > pyriforme Pers. nee 
» Grevillei KI. .......| — | — | m | Marasmius alliaceus Fr. ..++1-=c1l 
» UTIs ei eee ee a == m" > androsaceus Fr. +++ cl 
» lubes Erase — | — | m » chordalis Fr. .. ++ ++ ¢ 
» SCALETEEE 0. ee + |(+)| m » epiphyllus Fr... ++ ++ cl | 
» subtomentosus Fr...|++|++| m > foetidus Fr. .../++-|++4 el 
» pees ne Fe ie i — | m » fulvobulbillosus | 
» versipellis Fr. ..... — | m OR Er 
Clavaria abietina Fr. ...... +++ » graminum Berk. BF Wines i 
> dendroidea O.R. Fr. |++|-++) cl & Br.jt+i++ cl 
> flaccida Pr. ...... +++ + » oreades Fr. ..../-+-+'++ cl 
» oracle ++ 1 >» perforans Fr. .. Per el 
» LigulosEr. 6770. ++!+-4+1 cl » peronatus Fr. .. ++ ++ el | 
» SHECICOBET 17 0 ++++ » putillus Fr. ...++4++ cl | 
Clitocybe aurantiaca (Fr.) » ramealis Fr. .... ++ ++ cl | 
Stud. | — | — » zotmlagErer.eno engel 
» infundibuliformis » scorodonius ...++|++ cl | 
Fr. |+-+-|+-++] cl | Mycena epipterygia Fr. ....;+-+|+-1 cl | 
Clitopilus Prunulus Fr. ....| — | — | m » galericulata Fr. ...|++|++ 
Collybia butyracea Fr. ....|++/+-++) cl » galopoda Fr. .....j4-+i+-+ el 
» dryophila Fr. ....|+-++/+-++] el » MELLE Teer. ne it-—+)+- | 
» fusipes.Fr.sl! „ser: ++) ++ » polygramma Fr. ..|1+1i++t el 
Coprinus comatus Fr. .... +++-+ » TOSCO ET ee. ete i 
Flammula carbonaria Fr. ..| + | + | cl | Psalliota arvensis Fr. ...... ed 
» penetrans Fr. .. ++. cl » bispora Lange ... +++. 
Lactarius deliciosus Fr. ... _++-+-+| m » hortensis coll. ... ++ | 
» flexuosus Fr. ... ++++ » vanthoderma Rich. : | 
» fuliginosus Fr. ..|++|++ & Roze +++ 
> torminosus Fr. .. |+-+|+-+| m") Rhizopogon luteolus Fr. ... (4+) — m 
> trivialis Fr. .....|+—+|+-+ » FOSGOUHRS Ihakra CSS 1 
Reactions: — : No reaction. 


(+) :. Only the inoculum more or less dark coloured. 

+ : A weak diffusion zone visible under and around the inoculum. 

++: Diffusion zone intense. 

Ecological types: m: The species experimentally proved to form mycorrhiza with some 
forest tree. 

m : The species is probably a mycorrhiza-former. 
c : The species experimentally proved to decompose cellulose. 
1 : The species experimentally proved to decompose lignin. 


L. torminosus, L. trivialis, and L. turpis. So far, it has not been possible to 
synthesize mycorrhizae from these fungi and forest trees. However, several 
observations in nature seem to indicate that at least some of the species 
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mentioned do belong to the mycorrhizal fungi of trees. In the first place this 
seems to be the case with Lactarius torminosus and L. turpis (cf. Melin 1936). 
The present author tried to cultivate the six Lactarius-species mentioned on 
sterilized litter (Glyceria maxima). These experiments, however, gave no 
positive results. 

Finally, Modess (1941) showed that the two gasteromycetes Rhizopogon 
luteolus and Rh. roseolus can form mycorrhizae with Pinus silvestris, and 
P. silvestris and P. montana respectively. These fungi gave just a weak 
positive oxidase reaction on gallic acid agar. 

The-genera Clavaria, Collybia, Flammula, Lepiota, Marasmius, and Mycena 
contain several species which intensely attack lignin and cellulose in litter 
(Lindeberg 1944, 1946). The species of these genera which have been in- 
vestigated here all gave very pronounced oxidase reactions both on gallic 
acid and tannic acid agar. 

Within the genera Coprinus and Psalliota, several more or less coprophilic 
species are found. The ability to decompose lignin and cellulose of some of 
these species has been experimentally proved (Waksman & McGrath 1931, 
Waksman 1931). The species studied by the present author gave very strong 
oxidase reactions. : 

Several Clitocybe-species decompose lignin and cellulose (Falck 1930, 
Lindeberg 1946). To these species Cl. infundibuliformis also belongs. This 
fungus proved to be a rather weak oxidase-producing one. The other species 
investigated here, Cl. aurantiaca (Cantharellus a.), gave no typical reaction. 
The fungus secretes an intensely coloured matter in the substrate which 
stains citric-yellow to wine-red. A weak oxidase reaction might possibly be 
masked by this colour. However, according to the author’s opinion, no 
positive reaction could be noticed with this fungus. 

Lycoperdon pyriforme usually is to be found agglomerated on tree stumps. 
According to Modess (1941) this species does not form mycorrhizae with 
either Pinus silvestris or Picea Abies. The fungus is probably a saprophyte. 
L. pyriforme as well as L. gemmatum gave positive though relatively weak 
oxidase reactions on gallic and tannic acid media. 

Summing up, the experiments referred to above seem to prove that a 
polyphenol oxidase regularly and abundantly is to be found in the litter- 
decomposing basidiomycetes, which attack lignin and cellulose, whereas 
many of the mycorrhiza-forming basidiomycetes produce none, or just 
small amounts, of the enzyme. However, no distinct boundary can be drawn 
between the two ecological groups. Within certain genera transitional types 
are found, which are facultative mycorrhiza formers in the sense that they 
are able to form fruiting bodies without the mycelium being connected 
with tree roots by means of mycorrhizae. Boletus subtomentosus seems to 
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be such a transitional type. This fungus gave a rather strong polyphenol 
oxidase reaction in the above experiments. 

Lactarius deliciosus, which is generally looked upon as a typical mycor- 
rhizal fungus, offers special interest by virtue of its strong polyphenol 
oxidase reaction. In this the fungus differs distinctly from the other typical 
mycorrhiza-forming basidiomycetes, investigated here. 

On the other hand, polyphenol oxidase is lacking, or only produced in 
small quantities, in certain fungi which have not yet been shown to form 
mycorrhizae. This holds for Amanita porphyria and Boletus luridus, which, 
however, probably will prove to be mycorrhizal fungi, as well as Clitocybe 
aurantiaca, the ecology of which is very incompletely known. 

The enzyme which catalyzes the oxidation of gallic and tannic acid has 
been called polyphenol oxidase above. The polyphenol oxidases, sensu 
stricto, however, comprise two different enzymes: o-diphenol oxidase, which 
catalyzes the oxidation of catechol and other o-diphenols, and p-diphenol 
oxidase, which catalyzes the oxidation of diphenols of the hydroquinone 
type (cf. Keilin & Mann 1939). 

The behaviour of the litter-decomposing fungi on catechol- and hydro- 
quinone-agar was studied in a certain experiment. The fungi were cultivated 
on the basic agar medium as well as on this substrate with addition of 5 
millimols (550.6 mg) catechol or hydroquinone per litre. With few excep- 
tions the growth of the fungi was totally inhibited by catechol and hydro- 
quinone. When a diffusion zone appeared, its colour was black-brown to 
black, and especially on catechol the zone was more sharply limited than 
on the gallic acid and tannic acid agar (see fig. 1). 

The experiment gave the following results: All species tested, belonging 
to the genera Clavaria, Collybia, Coprinus, Flammula, Lepiota, Lycoperdon, 
Marasmius, Mycena, and Psalliota, gave a clear positive oxidase reaction on 
catechol agar. However, on hydroquinone agar only a few species gave 
positive reactions, viz. (1) Marasmius ramealis and M. rotula, which formed 
a weak diffusion zone around the mycelia, and (2) Clavaria gracilis, 
Marasmius alliaceus, M. perforans, M. scorodonius, and Mycena galopoda, 
with which only the inocula became dark coloured. Thus, in addition to 
o-diphenol oxidase, certain species seem to produce small amounts of 
p-diphenol oxidase. 

After it had been established that an o-diphenol oxidase is regularly to 
be found in the litter-decomposing basidiomycetes which are able to attack 
lignin and cellulose, the following problem arose: is the enzyme bound to 
the cells of the mycelia, or is it secreted into the substrate as an exo-enzyme? 
The appearance of diffusion zones around the mycelia does not prove that 
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there is an exo-enzyme. Such a zone would also appear if the enzyme was 
bound to the surface of the mycelium and the substrate of the enzyme (the 
polyphenol) diffused to this surface, the oxidized product then being given 
off to the medium. Bavendamm (1928 a, p. 189; 1928b, p. 275) claims that 
polyphenol oxidase is secreted into the substrate. However, he has not 
definitely proved this. 

The present author has studied the question in the following way: 

Marasmius foetidus was cultivated in the following nutrient solution: 
glucose 20 g, asparagine 1.5 g, KH,PO, 5 g, MgSO, - 7H,O 0.5 g, Fe-citrate- 
solution (Fe-conc. 1/555) 0.5 ml, ZnSO,-solution (Zn-conc. */5o9) 0.5 ml, 
MnSO,-solution (0.1 mol.) 0.5 ml, CaCl,-solution (0.1 mol.) 5 ml, thiamin 
50 y, distilled water 995 ml. The relatively high phosphate concentration was 
chosen in order to increase the buffering capacity of the solution. After 
autoclaving, the pH of the solution was 4.3. As culture vessels, Erlenmeyer 
flasks of Pyrex glass and of 125 ml volume were used. Each flask contained 
20 ml of the nutrient solution. The inocula (about 2X2 mm in size) were 
kept floating on the surface of the liquid, and the flasks were stored at 25° C. 

After 16 days, the average dry weight of mycelium per flask was 9.2 mg, 
and the pH of the medium was 3.3. The culture fluid from a number of 
flasks was then filtered through a sterile filterpaper into a sterile flask, all 
mycelia being removed from the fluid. The fluid was then pipetted into 
sterile Erlenmeyer flasks in 15 ml portions. Two flasks were placed on a 
boiling water-bath for 15 minutes, the temperature of the culture fluid 
rising to 88° C. After cooling, 2 ml of a catechol solution, with 2.75 mg of 
catechol per ml, were added to each flask. The same volume of catechol 
solution was added to two flasks which had not been heated. Finally, 2 ml 
of sterile distilled water were added to two further unheated flasks. The 
six flasks were then stored at 25° C for 12 hours. After this period, the 
fluid of the unheated catechol-containing flasks had become dark black- 
brown. On the other hand, the fluid of the heated flasks and of the controls 
remained colourless. 

The extinction of the solutions was determined by means of the photo- 
meter according to Äberg & Rodhe (1942, pp. 80—87), a tube cuvette of 
50 mm effective thickness being used (Rodhe 1948, p. 12). The absolute 
extinction coefficient of the test fluids (E) was computed according to the 
formula: 


E=log dh 


where I, is a measure of the initial intensity of the light, I the corresponding 
measure of the light transmitted, and d the effective thickness of the light 
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Fig. 1. Oxidase reaction of Marasmius foetidus on different media. 
1. Control. 2. Gallic acid. 3. Tannic acid. 4. Catechol. 5. Hydroquinone. 


absorbing layer in cm. For the controls and for the heated flasks, EX 10° 
was 10; for the unheated flasks with catechol, EX 10° was > 1000. 

Finally the following dialysis experiment was performed: 25 ml of filtered 
culture fluid, which had been cooled down to 4°C, were placed into a 
cellophane sac, which was then immersed into the same volume of water 
at the same temperature. After 48 hours, 15 ml of the internal fluid and 
15 ml of the external one were pipetted into sterile Erlenmeyer flasks, and 
2 ml of a Seitz-filtered catechol solution, containing 2.75 mg catechol per 
ml, were added. In addition, a few drops of toluene were added to each 
flask, and the flasks were placed at 25° C. After 12 hours the colour of the 
flask with the internal fluid had become dark black brown (EX 10*> 1000), 
whereas the second flask was still colourless (EX10°=4). 

The experiments show that Marasmius foetidus secretes an enzyme into 
the medium, which catalyzes the oxidation of catechol. This enzyme may 
be classified as an o-diphenol oxidase. The enzyme is thermolabile and 
cannot pass through a cellophane membrane. 

Probably it is not necessary to raise the temperature to 88° C to inactivate 
the enzyme. In a future paper the author intends to give an account of the 
maximum temperature as well as of certain other properties of the enzyme. 
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Summary 


Different basidiomycetes were grown in pure culture on nutrient agar 
containing gallic acid, tannic acid, catechol, or hydroquinone. The litter- 
decomposing fungi, belonging to the genera Clavaria, Collybia, Flammula, 
Lepiota, Marasmius, and Mycena, as well as the more coprophilic species 
belonging to Coprinus and Psalliota all proved to contain great amounts 
of o-diphenol oxidase. On the other hand several mycorrhizal fungi of forest 
trees, e.g. species belonging to the genera Amanita, Boletus, Clitopilus, and 
Rhizopogon, produced none, or just small amounts, of this enzyme. 

However, the boundary between the two ecological groups mentioned 
does not seem to be very distinct. Boletus subtomentosus, which has been 
reported to form mycorrhiza with Pinus, in the author’s experiments be- 
haved as a litter-decomposing fungus, forming polyphenol oxidase abund- 
antly. Furthermore, Lactarius deliciosus, which is a mycorrhizal fungus 
of Pinus and Picea, as well as all the other Lactarius-species investigated, 
some of which are probably mycorrhizal fungi, richly produced polyphenol 
oxidase. 

The litter-decomposing species Marasmius foetidus has been proved to 
secrete an o-diphenol oxidase into the medium. 


For this work a grant has been received from the Foundation of E. and K. G. Len- 
nander. The author is indebted to Miss Asta Jansen for valuable assistance. 
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Observations on the Influence of Galactose on Wheat Roots 
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HANS BURSTRÜM 
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Glucose or sucrose, which normally occur in vegetative parts of plants, 
are always administered as sources of carbon to cultures of excised roots. 
Some plants prefer the former (wheat, Burstrôm 2), others the latter (pea 
and tomato, White 7). Galactose is regularly found to be of no value for 
roots, although other organs, e.g., barley leaves (McCready and Hassid 4) 
and carrot roots (Said 6), are able to transform it into sucrose, thus rendering 
it digestible to the tissues. For algae galactose may be worthless (Algeus 1) 
whereas fungi behave variably; attention has recently been called to the 
adaptation of yeasts to galactose and its enzymatic decomposition (cf., 5). 
Thus galactose is by no means without interest as a nutrient, not even as 
higher plants are concerned. The general occurrence of galactosans in cell 
wall materials also deserves mentioning in this connection. 

In the course of several years’ investigations on the metabolism and 
growth of roots, observations have repeatedly been made of the behaviour 
of excised wheat roots towards galactose, and they will be briefly recorded 


in the present paper. 


The methods of sterile root cultures, determinations of sugars and growth rates, 
and compositions of mineral nutrient solutions have been described at length in 
earlier publications (Burström 2, 3). All experiments were performed at a constant 
temperature of 20° C. Further details of the individual experiments are given in 
the tables or in connection with the presentation of the results. The plant material 
was partly Svalöf’s Diamond Spring Wheat, partly Weibull’s Eroica Winter Wheat; 
the two brands behaved similarly in every respect. For the experiments root tips, 


10-—20 mm in length, were cut off from sterile seedlings. 


[209] 
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Results 


If roots are supplied with a nutrient. solution containing the essential 
mineral elements and galactose, it is easy to show by means of analyses 
that the sugar disappears from the nutrient medium in amounts increasing 
with increasing concentration of sugar and duration of the test. Thus it is 
obvious that galactose in some way is utilized by the roots. In Table 1 
some data have been collected from different and not strictly comparable 
experiments, only to illustrate this simple fact. 

This disappearance may be due either to a mere absorption and accu- 
mulation of galactose, or to a real consumption in growth or respiration. 

An accumulation of galactose will undoubtedly take place but only on 
a restricted scale (Table 2). The initial hexose (glucose+fructose) content 
of the roots averaged 0.068 mmol in 1 g of fresh matter. In excised root 
tips the amount decreased rapidly owing to consumption, and after 24 
hours only 0.014 mmol was left. If sugar is added externally it is absorbed, 
and the internal concentration maintained on a higher level. An accu- 
mulation above the initial concentration was not observed, however, neither 
with glucose nor with galactose. (It must be remarked that glucose and 
galactose could not be separated in the analyses, roots fed with galactose 
ought to contain a mixture of both sugars.) The content of hexose in roots 
from galactose solutions was generally higher than that in glucose fed 
roots, which indicates a slower consumption of the former, but the accu- 
mulation is rather small in any case. This holds true even in experiments 
of prolonged duration. 

The experiment recorded in Table 3 was run for 5 days with galactose 
and maltose given at the fairly low concentration of */5o9-mol. Initially the 
roots contained 0.014 mmol hexose and 0.002 mmol sucrose (computed as 
hexose). At the end of the test roots supplied with galactose still contained 
sucrose and a small amount of hexose, together only 0.009 mmol; the roots 
fed on maltose had accumulated that sugar and practically used up the 
other two. The loss of sugar from the solutions was considerable, however, 
and there is no doubt that the roots really consume galactose, though much 
slower than maltose. — The negative value of hexose consumption in the 
presence of maltose (Table 3) indicates the hydrolysis of maltose in the 
nutrient medium (Burström 2). 

The experiment also shows what was already known before, viz., that 
the root tips do not grow in length when fed with galactose, but do so on 
maltose. The increase in root length amounted to only 2 mm in 5 days in 
that case, compared with 11.5 mm in the latter; the average growth on 
glucose under similar conditions amounted to approximately 5 mm a day. 
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Table 1. The disappearance cf galactose from nutrient solutions of different concentrations. 
Mmol per g fresh root weight. — Collection of data from different experimental series. 


Duration of experiment hrs 


TE 


Galactose in solution 
mol/l 1 
1/500 0.012 
1/200 0.017 
1/100 0.021 
1/50 0.037 
1/20 x 
1/10 > 
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Table 2. The accumulation of hexoses in roots. The hexose content in mmol per g fresh 
weight of roots, kept for 24 hrs. in glucose or galactose solutions of different con- 
centrations. Initial content 0.068 mmol/g. 


Sugar concentration 


Kind of sugar 


0 
1/200 
1/100 
1/20 
1/10 


glucose 


0.014 
0.036 
0.033 
0.040 
0.049 


galactose 


0.014 
0.039 
0.044 
0.052 
0.056 


Table 3. The consumption of galactose and maltose by wheat roots. 6 parallels each 
with 10 roots in 10 ml nutrient solution containing galactose or maltose 1!/200-mol/l. 
Duration of experiment 5 days. Values given for 60 roots; maltose is computed as cor- 
responding amount of hexose. 


Kind of sugar 
added 


(initial roots) 
galactose...... 


maltose 


ss. 


Sugar in the roots mmol 


ee 
hexose | sucrose| maltose 


0.014 | 0.002 — 
0.007 | 0.002 si 
0.001 | 0.001 | 0.005 


Sugar consumed mmol 
total || hexose | sucrose|maltose| total 
0.016 x x x x 
0.009 0.144 0 — 0.144 
0.007 |— 0.050) 0.001 0.324 | 0.275 


Root 
length 
mm. 
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Table 4. The growth of wheat roots on glucose and galactose solutions. Mineral nutrient 
solution with glucose and galactose added at different concentrations. Duration of experi- 
ment 9 days. Increase in root length mm. 


EEE 


Glucose mol/l | 
Galactose mol/l 
0 | 3/100 
1/1000 | 1.4 | 48.5 | 
1/100 1.4 5.4 
110 | 1.3 | 2.3 | 


This inability of the roots to grow on galactose is surprising, considering 
the fact that the sugar is consumed by the roots. The combination of 
galactose and glucose revealed (Table 4) that the lack of growth is due 
to an active inhibition of the root elongation. If galactose alone was given 
to the roots at concentrations from 1/, 9) to */,) mol, no growth occurred 
in either case; if glucose was added to such solutions, however, the roots 
grew quite normally at the lowest concentration of galactose, but at the 
two higher almost no growth took place. Galactose behaves as if it were 
toxic to the roots, in spite of the fact that it is consumed in some way. 

Of course this poisonous effect may be due to contaminations of the 
galactose preparation and not to the sugar itself. The preparation used was 
a Merck product, recrystallized from alcoholic solution. This diminishes 
but does not wholly exclude the possibility of traces of toxic contaminations, 
and it is in fact very difficult to show with certainity that such do not occur. 
Against this possibility speak the results of one experiment with roots of 
Linum and Helianthus, arranged after the same plan as the one of Table 4. 
The result does not need be given in detail, but may be simply summarized 
as follows: galactose has no visible influence on the growth of flax and 
sunflower roots whatsoever. It has no more influence than e.g., mannitol 
on wheat and other roots. According to the present data the galactose effect 
is specific for wheat roots. 

It was confirmed in several experiments that inhibition of the root 
elongation occurs simultaneously with consumption of galactose; one 
example is given in Table 5. Compared in pure solutions glucose is con- 
sumed more rapidly than galactose, when given together the hexose con- 
sumption is lower than in the pure glucose solution and almost equivalent 
to that in the galactose medium. Computations of the economy quotient 
give an idea of what is taking place in the presence of galactose: with 
glucose only it amounts to 20 °/o, a low but fairly normal figure, with 
galactose only it amounts to 3 °/o, and in the mixture of both sugars to 


i %/o, It is obvious that galactose is respired but very little utilized for 
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Table 5. The growth of wheat roots and consumption of glucose and galactose. 5 paral- 

lels each with 5 roots in 15 ml solution with different sugars added. Duration of experi- 

ment 9 days. Initial root length 10.3 mm, fresh weight 42.9 mg and dry weight 3.0 mg. 
Weight figures given for 25 roots. 


Sugar consumed) Increase in 


| 1 | 
yey hexose oot length mm fresh weight mg dry weight 


Sugar added 


| 
a ee es 0 1.2 | 1.3 | — 03 
glucose 0.03 mol 0.199 Roe 93.0 6.7 
galactose 0.03 mol ... 0.133 | 0.7 | 2.4 0.7 
glucose + galactose... 0.140 | ez | 10.6 | 2.9 


synthetical purpose, which may be reason enough for the lack of growth in 
pure galactose solutions but not for the inhibition in the presence of glucose. 

From the data of Table 5 the respired amounts of sugar can be roughly 
estimated, if we assume that C amounts to 40 °/o of the produced dry matter. 
The computation shows that the glucose roots:lose 0.162 mmol hexose, the 
galactose roots 0.129, and those in the mixed solutions 0.124 mmol. With 
regard to the greater average length and weight of the first mentioned roots 
the respiration seems to be even higher with galactose than with glucose as 
a substrate. This would indicate that galactose is attacked by the enzyme 
systems of the roots, but decomposed in respiration instead of being partly 
utilized for synthetical purposes. This gives a clue to the localization of the 
inhibitory action for a more detailed study on this point. 

The consumption of sugar from solutions of glucose with varving addi- 
tions of galactose was studied in one series run for 12 days (Table 6). The 
growth was, for unknown reasons, slower than in the experiments recorded 
above (another sample of wheat grains) but a toxic action of galactose 


Table 6. The consumption of sugar and nitrate at different concentrations of galactose. 

5 parallels each with 5 roots in 20 ml solution. Constant addition of 1/20 mol glucose, 

galactose varied. Duration of experiment 12 days, Initial root length 7.6 mm, dry weight 
39 mg on 25 roots. Consumption given for 5 roots. 


Gaia ın Increase in root Consumption mol Ratio consumed 
alactose mo : bre. se 2 ee re arten 
length mm Tevose | Nitrate hexose, nitrate 
| | } 
0 18.2 + 2.7 43 | 8.0 5 

1/900 | 26.5 + 2.21 46 1.3 | 6 | 

1/60 1.3 + 0.7? 54 | 4.7 | 12 

1/20 1.0 + 0.3? 30 | 2.0 | 15 


1 Meristems with incipient poisoning. 
2 Root tips dead. 


DL HANS BURSTRÜM 


Table 7. The growth of wheat roots on galactose and mannitol solutions. Mineral solution 

with carbohydrates 1/20-mol/l, without micronutrients. Roots measured after 2 days, the 

growth then ceased. Initial root length 10.2 +0.3 mm, length of the meristem 1.42 mm. 
Average of 50 roots. 


eee Increase in root Meristem length 

andren length mm mm 
NONE... nase nee 2.7 + 0.4 1.22 
galactose u. 2... cn. 1.8 + 0.4 1.46 
DIUTOSE =. Ener eb 12.1 + 1.3 2.14 
glucose + galactose ... 2.7 + 0.4 1.43 
Mannitol er 1.6 + 0.3 3279 
glucose + mannitol ... 8.7 + 1.0 | 1.25 


was obtained from the concentration ‘/,,, mol. The consumption of hexoses 
increases at the lowest additions of galactose, indicating a utilization of 
galactose even in the concentration */,, mol, where no normal growth at 
all occurred. There is thus no relation between sugar consumption and 
growth, which supports the assumption that galactose is respired without 
being utilized in syntheses. The nitrate assimilation steadily decreases with 
increasing concentration of galactose, it may approximately parallel the 
syntheses in cell growth, and the ratio between consumed hexose and nitrate 
(last column Table 6) indicates the impaired carbon balance. 

With addition of galactose to the glucose solutions there is a change in 
the osmotic concentrations of the media too. In order to find out whether 
this in itself might affect the growth behaviour, a comparison was made 
between galactose and mannitol, which was supposed to be quite indifferent 
to the roots (Table 7). The nutrient solution contained no accessory growth 
substances, thus the growth soon ceased. With mannitol the growth de- 
creased from approximately 6 to 4.5 mm in one day, which may be ascribed 
to the osmotic effect of the !/,, mol solution added, but the roots appeared 
to be wholly normal and healthy. Galactose on the contrary inhibited the 
root elongation completely already after 2 days, and after 9 days these roots 
were dead. The meristems became dark and non-translucent, apparently 
the cytoplasm had coagulated. This will always appear sooner or later in 
the presence of galactose together with other histological symptoms of 
poisoning, which will be made the subject of a further study. 

Although this toxic action of galactose has been found only with wheat 
roots it has a pertinent connection with the fact that Said (6) found galac- 
cose to be definitely consumed by carrot tissue, but in this case the respiration 
continuously declined, indicating some disturbance of the metabolism. 
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Summary 


The influence of galactose on sterile, excised tips of wheat roots has been 
studied. The galactose was purified by recrystallization. 

The roots consume galactose but this sugar can not maintain growth. 
Both when given alone and together with glucose in concentrations above 
*leo9 mol it causes a poisoning of the meristems and more or less rapid 
dying of the roots. A computation reveals that galactose is consumed in 
respiration instead of being utilized for synthetical purposes, but this cannot 
explain the toxic action. 

Flax and sunflower roots are quite indifferent to galactose, as are also 
wheat roots to equimolar mannitol, and the toxic action may be ascribed to 
galactose per se. 
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Einfluss tagesperiodisch wechselnder Aufbewahrungstem- 
peratur auf die Streckungsbereitschaft der ruhenden 
Winterknospen von Stratiotes aloides 


Von 
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Institut: für physiologische Botanik der 
Universität, Uppsala. 
(Eingegangen am 20. Juli 1948) 


Einleitendes 


Wie der Verfasser ausführlich schon in einer früheren Mitteilung (Vegis 
1948) dargelegt hat, bewirken die höheren Aufbewahrungstemperaturen im 
Vergleich mit niedrigeren bei den ruhenden Stratiotes-Knospen eine tiefere 
und längere Ruheperiode, d.h. sie setzen die Streckungsbereitschaft- der 
Knospen herab. Innerhalb gewisser Temperaturgrenzen (5 —20 C) war zu 
beobachten, dass die Aktivität der Knospen um so tiefer sank und die Periode 
der freiwilligen Ruhe um so länger dauerte, je höher die Aufbewahrungs- 
temperatur der Knospen gewählt wurde. 

Einige Beobachtungen an Knospen, die im Gewächshaus täglich in den 
Mittagssiunden infolge der beträchtlichen Erwärmung des Wassers in den 
Kolben der Wirkung einer merklich erhöhten Temperatur ausgesetzt waren 
und eine besonders lange Ruheperiode aufwiesen, haben den Verfasser an- 
geregt zu prüfen, ob die ununterbrochene Einwirkung einer höheren Tem- 
peratur in ihrem, die Streckungsbereitschaft der Knospen herabsetzenden, 
Einfluss nicht durch eine nur einige Stunden pro Tag dauernde ersetzt wer- 
den kann. Die unten angeführten Versuchsergebnisse haben die Richtigkeit 
dieser Vermutung bestätigt. 


Methodisches 


Über das Versuchsobjekt, die Winterknospen von Stratiotes aloides, und die an- 
gewandte Versuchsmethodil hat sich der Verfasser schon in seiner oben erwähnten 
früheren Mitteilung eingehend geäussert (siehe auch Vegis & Vegis 1935). Hier sei 
nur kurz erwähnt, dass zur Beurteilung der Streckungsbereitschaft oder des Aktivi- 
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tätsniveaus der ruhenden Knospen die Anzahl der nach verschieden lange dauernder 
Wasserbehandlung bei 50° C »keimenden» Knospen verwendet wurde. Je geringer 
die Streckungsbereitschaft der Knospen war, um so länger mussten die Knospen 
gebadet werden. Wenn bei in gewissen Zeitabschnitten aufeinander folgenden 
Keimungsprüfungen mit einem Wasserbad von derselben Dauer immer steigende 
Zahlenwerte erreicht werden, so bedeutet dies, dass die Streckungsbereitschaft der 
Knospen, ihre Aktivität, steigt. Bekommt man dagegen eine Abnahme der Zahlen, 
so weist das darauf hin, dass die Streckungsbereitschaft sinkt, die Ruhe der Knospen 
immer tiefer wird. Zeigen die Zahlen keine oder nur ganz geringe Änderung, so ist 
die Streckungsbereitschaft ungefähr auf demselben Niveau geblieben. 

Zur Prüfung der Streckungsbereitschaft wurden die zum Versuch verwendeten 
Knospen gewöhnlich in 3 bis 5 Portionen geteilt, von welchen jede meistens 8 Knospen 
enthielt. Jede Portion der Knospen wurde beim Baden unterschiedlich lange behan- 
delt. Oft z.B. wurden die verschiedenen Portionen 1/2M, 1™, 1 1/2M und 2m lang 
gebadet. Ausserdem wurde immer zwecks Kontrolle eine Portion der Knospen nicht 
gebadet. 

Nach dem Bade wurden die Knospen in Kolben gebracht, 2 Wochen in einem 
Lichtthermostat bei 20° C verwahrt und täglich 12h langer Belichtung ausgesetzt. 
Die Lichtquelle bestand aus einem Mischlichtreflektor mit einer Glühlampe (500 W) 
und einer Quecksilberhochdrucklampe vom Typus HgH 1000. Die Kolben befanden 
sich ungefähr 75 cm von der Lichtquelle entfernt. Als endgültig wurden diejenigen 
Keimerfolge betrachtet, die nach 2 Wochen langenı Stehen im Lichtthermostat 
erreicht wurden, denn eine weitere Keimung wurde gewöhnlich nicht beobachtet. 
Die Zahl der keimenden Knospen ist in den Tabellen in °/o der Gesamtzahl angegeben. 
Sehr häufig kam es vor, dass eine gewisse Anzahl der Knospen wohl mit Keimung 
begann, aber bald auf eınem früheren oder späteren Keimungsstadium stehenblieb 
und in solchem Zustand oft wochen-, ja selbst monatelang verharrte. Dies sind 
offenbar Knospen, deren Ruhe durch das entsprechende Baden nicht ganz aufge- 
hoben werden konnte. In den Tabellen ist die Prozentzahl der vollständig ausge- 
Keimten Knospen ohne Klammern, die der unvollständig ausgekeimten dagegen in 
Klammern angegeben. 


Experimentelles 


Versuch 1 


Der Versuch wurde am 19. Oktober 1946 begonnen. Ursprünglich war er 
geplant, um den Einfluss der täglich sich wiederholenden Temperatur- 
schwankungen auf die Streckungsbereitschaft der ruheriden Knospen zu 
prüfen, dech lieferte er gleichzeitig auch interessante Ergebnisse in bezug 
auf den Einfluss einer einige Stunden pro Tag erhöhten Temperatur auf den 
Ruhezustand der Knospen. 

Zum Versuch wurden Knospen verwendet, die am 21. September im Garns- 
viken-See (südlich von Uppsala) gesammelt worden waren, 4 Wochen lang 
bei 10° C im Dunkeln aufbewahrt wurden und sich noch im Ruhezustand. 
befanden. Ihre Streckungsbereitschaft wurde unmittelbar vor Beginn des 


Versuches geprüft. 


218 AUSEKLIS VEGIS 


Die periodische Änderung der Aufbewahrungstemperatur wurde im Ver- 
such bei einem Teil der Knospen in der Weise vorgenommen, dass sie täg- 
lich 18 Stunden (von 15—9) bei 5° C und 6 Stunden (von 9—15) bei 25 
im Dunkelthermostat gehalten wurden; der andere Teil wurde gleichfalls 
18 Stunden bei 5° C, aber 6 Stunden bei 15° C aufbewahrt. 

In jeden Thermostat wurde ein Aquariumglas mit ungefähr '/, 1 Leitungs- 
wasser gesetzt, in welches die Knospen gelegt wurden. War die entsprechende 
Stundenzahl mit einer der gewählten Temperaturen abgelaufen, so wurde 
das Wasser durch ein mit Halter versehenes Siebchen abgegossen und die 
Knespen in ein anderes Aquarium geschiittet, welches die zweite gewählte 
Temperatur hatte. Daher war der Temperaturwechsel bei diesem Versuch 
ein jäher und plötzlicher. Das entleerte Aquariumglas wurde immer mit 
frischem Leitungswasser gefüllt und dann wieder in einen Thermostat ge- 
stellt, in dem das Wasser bis zu der Zeit, wo die Knospen in dieses Aquarium- 
glas zuriickkamen, die gewiinschte Temperatur annahm. Bei den Knospen, 
die bei 5°/25° verwahrt wurden, wurde die Streckungsbereitschaft nach 1, 
2, 3, 4, 6 und 8 Wochen gepriift, bei den in 5°/15° gehaltenen nach 2, 4, 6 
und 8 Wochen. Die Resultate dieser Prüfungen sind in Tabelle 1 zusammen- 
gestellt. Zum Vergleich sind die Ergebnisse der Prüfung der Streckungs- 
bereitschaft derjenigen Knospen angegeben, die 4, 6 und 8 Wochen ununter- 
brochen bei 5°, 15° und 25° C aufbewahrt wurden. 

Wie aus Tabelle 1 zu entnehmen ist, hat eine Verbringung der Knospen 
in eine während jeder 24 Stunden periodisch wechselnde Temperatur 5° (18®)/ 
/25°(6®%) ein Sinken der Streckungsbereitschaft zur Folge gehabt, welches 
ganz allmählich stattfand, was besonders klar hervortritt, wenn man die 
durch 1”, 1 1/," und 2” lange Bäder nach verschieden langer Aufbewahrung 
erhaltenen Keimungszahlen miteinander vergleicht. Das Ausgangsmaterial 
ergab 87,5+- (12,5), 100 und 100; nach einer Woche bei 5°/25° bekam man 75, 
100 und 100, nach 2 Wochen 25+ (25), 75 und 100, nach 3 Wochen 12,5+ 
+ (12,5), 25+ (37,5) und 75+ (25). Nach 4 Wochen konnte kein weiteres 
Sinken festgestellt werden. Nach 6, besonders aber nach 8 Wochen war, wie 
die erhaltenen Zahlen zeigen, schon eine Zunahme der Streckungsbereitschaft 
merkbar, doch war das ursprüngliche Niveau des Ausgangsmaterials noch 
immer nicht erreicht. 

Wenn wir die bei 5°/25° erhaltenen Zahlen mit denjenigen vergleichen, 
die nach einer 4, 6 und 8 Wochen langen Aufbewahrung bei 5° und 25° 
erhalten wurden, so fällt auf, dass die ersteren, obgleich die Knospen in 
jeden 24 Stunden 18 Stunden, also °/, der Zeit, bei 5° und nur 6 Stunden, 
d.h. */, der Zeit, bei 25° verbracht haben, viel mehr an diejenigen erinnern, 
die bei einer ununterbrochenen Aufbewahrung bei 25° gewonnen wurden. 
Besonders gross ist die Ähnlichkeit der Keimungszahlen nach 4 Wochen 
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Tabelle 1. (Versuch 1) Die Zahl der in 2 Wochen ausgekeimten Knospen ist in °/o der 
Gesamtzahl ausgedrückt. 


Aufbewahrungs- Unbehan- Bei 50° C gebadet 
delte Kon- 
-dauer -temperatur trollen 1/97 3/4™ 1 11/92 2 
Ausgangsmaterial 0 125 — 87,5-+(12,5)| 100 100 
2 Wochen SIG 0 10+(10) — 100 100 100 
4 > » 12,5 | 25-+(12,5) | 50+(25) 100 100 — 
6 > » 37,9 75 100 100 100 = 
8 > » (50-+(12,5)) 75+(12,5) 100 100 100 — 
2 » |5%18n)/15°(6h) 0 12,5 —  |87,54(12,5) 100 = 
hii “seh > (25) |12,54+(37,5)37,5+(50) 100 100 = 
Gad ns > 37,5-+(25)|62,5-1-(12,5)| 87,5 100 100 — 
8 » » 75 87,5-+(12,5) 100 100 100 — 
2 > TSANG; 0 0 = 75 100 100 
4 » > 0 0 25 62,5 100 100 
6 » » 0 0 25 50-+(12,5) 100 100 
8 » » 0 0 25+(12,5) 75 100 100 
[1 » |5°(18h)/25°(6h) 0 0 — 75 100 100 
| 2 » » 0 0 — 25+(25) | 15 100 
3 » » 0 0) _ 12,5-+(12,5) 25+-(37,5)/75-+-(25) 
Add a > 0 0 —  [12,5-+(12,5) 37,5-++(25)|75+-(25) 
6 » N 0 12,5 = 254-(12,5) | 50-+(25)| 100 
8 » » 0 12,5 == 50+(12,5) 87,5 100 
Ds RE 0 0 —  [37,5-+(37,5) 75-+(12,5)| 100 
4 > » 0 0 = 25 50+(12,5) 100 
6 > > 0 0 — 12,5+(12,5) 37,5+(12,5) 50+(50) 
8 » » 0 0 — 50 75+(12,5)| 100 


langer Aufbewahrung. So bekam man z.B. durch 1”, 1 1}," und 2" langes 
Baden bei 5°/25°: 12,5+ (12,5), 37,5+(25) und 75+(25); bei 25°: 25, 
50+ (12,5) und 100. Nach 6 und 8 Aufbewahrungswochen zeigten die un- 
unterbrochen bei 25° aufbewahrten Knospen etwas tiefere Ruhe als die bei 
5°/25° aufbewahrten. Die entsprechenden Zahlen nach 6 Wochen waren bei 
5°/25°: 25+ (12,5), 50+ (25) und 100, bei 25°: 12,5+ (12,5), 37,5+ (12,5) 
und 50+ (50). Nach 8 Wochen waren die Keimungszahlen im ersten Fall: 
50+ (12,5), 87,5 und 100, im zweiten 50, 75+ (12,5) und 100. 

Man kann ohne weiteres feststellen, dass bei Aufbewahrung der Knospen 
in einer tagesperiodisch wechselnden Temperatur von 5° (18b)/25° (6°) hin- 
sichtlich der Wirkung auf die Streckungsbereitschaft der Knospen die Tem- 
peratur von 25° das Übergewicht gehabt hat; die Knospen reagierten, 
mindestens in den ersten Aufbewahrungswochen, annähernd so, als ob sie 
ununterbrochen bei 25° C aufbewahrt worden wären. Eine Aufbewahrung 
bei 25° C erwies sich somit als durch eine bei 5° (18")/25° (64) ersetzbar. 

In diesem Zusammenhang sei an einen Versueh von Molisch (1909, p. 662 ff) 
erinnert, den er angestellt hat, um zu prüfen, ob nicht ein längere Zeit hindurch 


täglich wiederholter schroffer Temperaturwechsel auf die Aufhebung der Ruhe- 
periode einen günstigeren Einfluss ausübt als eine andauernd niedrige Temperatur. 
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Er verwendete zu verschiedenen Zeiten (vom 5. 11. bis 5. 2.) abgeschnittene Zweige 
von 23 verschiedenen Freilandsholzgewächsen. Ein Teil von diesen wurde im Warm- 
haus im Licht weiter kultiviert, ein anderer intermittierender Wärme ausgesetzt, in- 
dem die Zweige abwechselnd 12 Stunden (nachts) im Freien oder im Kalthaus 
(3°—8° C) und 12 Stunden (tags) im Warmhaus gehalten wurden. Bei den Zweigen, 
die nicht intermittierender Erwärmung und Abkühlung ausgesetzt waren, trat das 
Treiben der Knospen um so rascher ein, je später sie ins Warmhaus gestellt wurden, 
d.h. je länger sie die niedrige Temperatur im Freien genossen hatten. Die Unter- 
schiede in der Zeitdauer waren sehr gross. Die intermittierende Erwärmung und 
Abkühlung bewährte sich im allgemeinen nicht. Sie bewirkte kein früheres Treiben 
im Vergleich mit den ständig im Warmhaus befindlichen Pflanzen. Verfasser meint, 
dass bei diesem Versuch Molischs mit tagesperiodisch wechselnder Tenıperatur auch 
die höhere Temperatur der Aufbewahrung (Temperatur des Warmhauses) für das 
Resultat ausschlaggebend gewesen ist; offenbar hat sie die Wirkung der unteren 
Temperatur ganz überdeckt. 


Was die in 5° (18)/15°(6") gebrachten Knospen betrifft, so haben sie, 
im Gegensatz zu den bei 5°/25° verwahrten, kein Sinken, sondern ein rasches 
Steigen der Aktivität gezeigt, wobei die Zunahme der Streckungsbereitschaft 
hier sogar etwas rascher verlief als bei den Knospen, die entsprechend lange 
ununterbrochen bei 5° im Dunkeln gestanden hatten. Das Übergewicht war 
in diesem Fall ganz auf der Seite der 5gradigen Temperatur. Es ist jedoch 
möglich, dass bei einem anderen Zahlenverhältnis der täglichen Wirkungs- 
dauer der beiden Temperaturen das Resultat ein anderes sein könnte. Die 
ununterbrochen bei 15° C aufbewahrten Knospen zeigten nach vier Auf- 
bewahrungswochen im Vergleich mit dem Ausgangsmaterial ein Sinken der 
Streckungsbereitschaft, das kleiner als bei 25° war. Nach 6 Aufbewahrungs- 
wochen hatten die Knospen ungefähr dasselbe Aktivitätsniveau, und erst 
nach 8 Wochen war ein geringes Steigen merkbar. 

Wenn wir die Keimungszahlen vergleichen, die mit den bei 5°/15° auf- 
bewahrten Knospen einerseits und den bei 5°/25° gehaltenen anderseits 
erhalten wurden, so sind die Unterschiede auffallend gross. So gaben z.B. 
die bei 5°/15° aufbewahrten Knospen, gebadet +/,™, 1" und 1!/,” bei 50°, 
nach 2 Aufbewahrungswochen folgende Zahlen: 12,5 87,5+ (12,5) und 100, 
die bei 5°/25° aufbewahrten: 0, 25+ (25) und 75. Nach 4 Aufbewahrungs- 
wochen gaben die ersten 12,5+ (37,5), 100 und 100, die zweiten dagegen 
0, 12,5+ (12,5) und 37,5+ (25). Nach 6 Wochen ergaben die ersten 62,5+ 
+ (12,5), 100 und 100, die zweiten 12,5, 25+ (12,5) und 50+(25). Nach 8 
Wochen langer Aufbewahrung waren die entsprechenden Zahlen für die 
bei 5°/15° gehaltenen Knospen 87,5+ (12,5), 100 und 100, für die bei 5°/25° 
verwahrten dagegen 12,5, 50+ (12,5) und 87,5. Es ist kaum zu bezweifeln, 
dass diese Unterschiede durch die 10gradige Temperaturdifferenz während 
der 6 Stunden in jeden 24 Stunden bedingt sind. Eine nur serhsstündige 
tägliche Wirkung einer um 10° höheren Temperatur genügte also, um ein 
merkliches Sinken der Aktivität hervorzurufen. 
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Tabelle 2. (Versuch 2) Die Zahl der in 2 Wochen ausgekeimten Knospen ist in °/o der 
Gesamtzahl ausgedrückt. 


Aufbewahrungs- ‚ Unbehan- Bei 50° C gebadet 
= ee delteiKon-| — u Een ne lente, 23 2 
-dauer -temperatur trollen ah 1% Per > 
| | | 
Ausdangematérial | 4-16) oki 125 87,5 + (12,5) too. . 00 
' 2 Wochen 5°(21h) 25% 3h); 0 1245 | 37,5 + (37,5); 75 + (12,5 | 100 
i 4 > » 0 0 ne (12,5) | 62,5 100 
6% © > 0 0 25 | 50+ (25) 100 


Versuch 2 


Der Versuch wurde am 4. Dezember 1946 begonnen, um zu prüfen, ob 
das durch Aufbewahrung bei einer tagesperiodisch wechselnden Temperatur 
von 5 (18")/25°(65) bedingte Sinken der Streckungsbereitschaft ruhender 
Knospen auch eintreten wiirde, wenn man die Dauer der Aufbewahrung bei 
25° C noch weiter verkiirzte. 

Bei dem Versuch wurde dasselbe Knospenmaterial verwendet wie bei 
Versuch 1, jedoch mit dem Unterschied, dass damals das Ausgangsmaterial 
eine nur 4 Wochen lange Aufbewahrungsperiode bei 10° im Dunkeln hinter 
sich hatte, jetzt dagegen 10 Wochen. Indes zeigte die Priifung der Streckungs- 
bereitschaft des zum Versuch benutzten Knospenmaterials, dass die Strek- 
kungsbereitschaft der 10 Wochen lang bei 10° im Dunkeln aufbewahrten 
Knospen sich nicht von der bei nur 4 Wochen lang bei 10° aufbewahrten 
unterschied. Die Aktivität der Knospen blieb bei 10° die ganze Zeit über 
auf ungefahr demselben Niveau stehen. Infolgedessen sind die Resultate des 
zweiten Versuches mit denen des ersten direkt vergleichbar. 

Der tagesperiodische Wechsel der Aufbewahrungstemperatur wurde in 
diesem Falle so geregelt, dass die Knospen 21 Stunden (von 12—9) bei 5° C 
und nur 3 Stunden (von 9—12) bei 25° C im Dunkelthermostat gehalten 
wurden. Im übrigen unterschied sich die praktische Durchführung des Ver- 
suches nicht von der beim ersten Versuch. Die Streckungsbereitschaft. der 
Knospen wurde hier nach 2, 4 und 6 Wochen geprüft. Die Resultate sind in 
Tabelle 2 zusammengefasst. 

Wie aus der letzteren zu entnehmen ist, hat auch in diesem Falle die 
Aufbewahrung bei einer periodisch wechselnden Temperatur von 5 25. 
obgleich die 25gradige Temperatur nur 3 Stunden pro Tag einwirkte, ein 
deutliches Sinken der Streckungsbereitschaft der Knospen herbeigeführt. 
Wenn wir die dabei erhaltenen Zahlen mit denjenigen vergleichen, die bei der 
Aufbewahrung der Knospen bei einer periodisch wechselnden Temperatur 
von 5° (184) [25° (6*) gewonnen wurden, so ist kein wesentlicher Unterschied 
zu bemerken. So gaben z.B. nach einem 1”, 1!” und 2" langen Bad von 
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50° die 2 Wochen bei 5°/25° (3%) gehaltenen Knospen folgende Keimungs- 
zahlen: 37,5+ (37,5), 75+ (12,5) und 100; für die 2 Wochen bei 5°/25° (65) 
aufbewahrten Knospen waren die entsprechenden Zahlen 25+ (25), 75 und 
100. Nach vier Wochen langer Aufbewahrung betrugen die Werte bei den 
ersten 25 + (12,5), 62,5 und 100, bei den zweiten 12,5 + (12,5), 37,5+ (25) und 
75+ (25). Nach 6 Wochen waren die Zahlen für 5° 25° (86):-25,150-#(25) 
und 100, für 5°/25° (6h): 25+ (12,5), 50+ (25) und 100. Da die durch eine 
Aufbewahrung bei 5°/25° (3?) erhaltenen Zahlen sich ebenfalls wenig von 
denjenigen unterscheiden, die bei einer ununterbrochenen Aufbewahrung in 
25° C erhalten wurden (Versuch 1), so kann man annehmen, dass eine 
Aufbewahrung bei einer tagesperiodisch wechselnden Temperatur von 
5° (214) /25°(3") auf die Streckungsbereitschaft der ruhenden Knospen eine 
annähernd gleiche herabsetzende Wirkung ausgeübt hat wie eine ununter- 
brochene bei 25°. 


Versuch 3 


Dieser Versuch wurde gleichzeitig mit Versuch 2 am 4. Dezember 1946 
begennen. Er wurde angestellt, um zu prüfen, welche Bedeutung beim Sinken 
der Streckungsbereitschaft der ruhenden Knospen während der Aufbewah- 
rung in der tagesperiodisch wechselnden Temperatur, wo 25° C die höhere 
war, der unteren Temperatur der Aufbewahrung und der Grösse des Tem- 
peratursprunges beim Wechsel der Temperaturen zukommt. 

Für den Versuch wurde dasselbe Knospenmaterial wie bei den Versuchen 
1 und 2 verwendet. Da das Ausgangsmaterial hier ungefähr auf demselben 
Aktivitätsniveau stand wie in Versuch 1, war es zulässig, die Resultate dieses 
Versuches mit denen des ersten direkt zu vergleichen. 

Anstatt 5° C wurde in diesem Versuch beim tagesperiodischen Wechsel 
der Aufbewahrungstemperatur 15° C als die untere Temperatur gewählt, 
als die höhere wurde wie in Versuch 1 die von 25° beibehalten. Die Zeit- 
perioden waren dieselben wie in Versuch 1, für 15° (wie dort für 5°) 18 
Stunden in je 24 Stunden (von 15—9) und für 25° 6 Stunden (von 9—15). 
Im ganzen war hier also die Temperatur der Aufbewahrung: 15° (18%) /25° (64). 
Der Temperatursprung beim Temperaturwechsel betrug hier nur 10° C, 
war also um die Hälfte kleiner als bei den Versuchen 1 und 2. Die Streckungs- 
bereitschaft der Knospen wurde nach 2, 4 und 6 Wochen geprüft. Die Resul- 
tate des Versuches sind aus Tabelle 3 ersichtlich. 

Auch hier ist klar erkennbar, dass die Überführung der Knospen aus einer 
Aufbewahrungstemperatur von 10° C in die periodisch wechselnde 15° (18h)/ 
[25° (65) ein Sinken der Streckungsbereitschaft der Knospen hervorruft. Ver- 
gleichen wir die hier gewonnenen Zahlen mit denjenigen, die wir in Versuch 1 
bei einer Aufbewahrungstemperatur von 5° (18) /25° (66) bekommen haben, 
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Tabelle 3. (Versuch 3) Die Zahl der in 2 Wochen ausgekeimten Knospen ist in / der 
Gesamtzahl ausgedrückt. 


Aufbewahrungs- Unbehan- Bei 50° C gebadet | 
delte Kon- 
-dauer | -temperatur trollen 1/97 | be 11/2" | 25 
Ausgangsmaterial 0 12,5 87,5 + (12,5) 100 | 100 
2 Wochen| 15°(18h)/25°(6h)) 0 0 12,5 137,5 + (37,5)| 75 + (12,5) 
4 » » 0 0 125 + (12, 5) 25 + (37, 5) 62,5 À (25) 
Gah > > 0 0 37,5 + (25) |62,5 + (12,5)| 


so fallt wieder eine Ahnlichkeit der Keimungszahlen auf, wenn auch im 
allgemeinen die Zahlen für 5°/25° etwas hôher liegen. So wurden z.B. durch 
1™, 17/.™ und 2™ lange Bäder von 50° nach 2 Wochen langer Aufbewahrung 
bei 15°/25° folgende Keimungszahlen erreicht: 12,5 37,5+ (37,5) und 75+ 
+ (12,5). In Versuch 1 waren bei 5°/25° die entsprechenden Zahlen 25+ (25), 
75 und 100. Nach 4 Wochen langer Aufbewahrung bekam man im ersten 
Fall 12,5+ (12,5), 25+ (37,5) und 62,5+ (25), im zweiten 12,5+ (12,5), 
37,5+ (25) und 75+ (25). Nach 6 Aufbewahrungswochen waren die Zahlen 
für 15°/25°: 25, 37,5+ (25) und 62,5+ (12,5), für 5°/25°: 25+ (12,5), 50+ (25) 
und 100. 

Aus den Resultaten der beiden Versuche dürfte man schliessen können, 
dass bei Aufbewahrung der Knospen in einer tagesperiodisch wechselnden 
Temperatur die höhere Temperatur (25°) für die Streckungsbereitschaft der 
Knospen ausschlaggebend gewesen ist, während die untere (5° oder 15°), 
wenn auch nicht ohne Einfluss, doch nur von untergeordneter Bedeutung 
war. Auch die Grösse des Temperatursprunges, im einen Fall 10°, im ande- 
ren 20°, scheint in dieser Hinsicht keine wesentliche Rolle gespielt zu haben. 
Es wäre übereilt anzunehmen, dass die höhere Temperatur immer ausschlag- 
gebend sei. Wie wir in Versuch 1 gesehen haben, war bei der Temperatur 
5°/15° die untere Temperatur bestimmend. Es scheint, dass vieles davon 
abhängt, bei welcher Temperatur die Knospen vorher aufbewahrt wurden, 
und wie tief beim weiteren periodischen Temperaturwechsel die niedrigere 
Temperatur unter und die höhere über der früheren Aufbewahrungstempera- 
tur liegt. 


Versuch 4 


Der Versuch wurde am 3. Januar 1947 begonnen. In den Versuchen 1—3 
wurden die Knospen in eine tagesperiodisch wechselnde Temperatur ge- 
bracht, bei der die höhere der gwählten Temperaturen oberhalb, die untere. 
dagegen unterhalb der bisherigen Aufbewahrungstemperatur lag. Infolgedes- 
sen waren die Knospen nach Verbringung in die periodisch wechselnde 


= 


15 
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Temperatur nicht nur dem Einfluss einer einige Stunden pro Tag erhöhten, 
sondern während der übrigen Zeit auch einer gesenkten Temperatur unter- 
worfen. Deshalb konnte das, als Resultat der wechselnden Temperatur er- 
haltene, Sinken der Aktivität der ruhenden Knospen nicht sicher als Folge 
der Wirkung der höheren Temperatur allein betrachtet werden. 

Um diesen Einwand abzuschneiden, wurde in diesem Versuch die tages- 
periodisch wechselnde Aufbewahrungstemperatur so gewählt, dass die untere 
der beiden Temperaturen der bisherigen Aufbewahrungstemperatur des Aus- 
gangsmateriales entsprach. Daher unterschieden sich die in die wechselnde 
Temperatur gebrachten Knospen in ihrer Aufbewahrung von den in der 
früheren Temperatur verbliebenen nur dadurch, dass sie sich einige Stunden 
pro Tag in einer höheren Temperatur befanden. 

Ausserdem wurde in diesem Versuch eine noch kürzere tägliche Einwir- 
kungsdauer der höheren Temperatur als in den früheren Versuchen geprüft. 
Ein Teil der Knospen wurde nur 1 !/; Stunden täglich der höheren Tempera- 
tur ausgesetzt. Zum Vergleich wurden jedoch andere Knospen ebensolange 
wie bei den früheren Versuchen (3 und 6 Stunden täglich) bei derselben 
Temperatur aufbewahrt. 

In den Versuchen 1 


3 war bei dem täglichen Wechsel der Aufbewahrungs- 
temperaturen der Übergang von einer Temperatur zur anderen ein plötzlicher 
gewesen, was, wenn die Differenz zwischen den beiden Temperaturen gross 
ist. offenbar eine gewisse Reizwirkung ausüben muss, welche für die Ände- 
rung der Streckungsbereitschaft der bei wechselnder Temperatur aufbewahr- 
ten Knospen von Bedeulung sein Könnte. Um diese Reizung auszuschalten, 
wurde ein Teil der in wechselnde Temperatur gebrachten Knospen beim 
Wechsel der Aufbewahrungstemperatur nicht plötzlich aus dem Wasser 
mil der einen Temperatur in Wasser mit der anderen Temperatur überführt, 
sondern die Knospen wurden jedesmal samt dem ganzen mit Wasser ge- 
füllten Gefäss aus dem Thermostat mit der einen Temperatur in einen 
Thermostat gebracht, der auf die andere Temperatur eingestellt war. Auf 
diese Weise wurden die jähen Temperaturänderungen vermieden. Beim 
Übergang von einer Temperatur zur anderen erwärmten oder kühlten sich 
die Knospen ganz allmählich ab. 

Zum Versuch wurde dasselbe Knospenmaterial benutzt, das in den Ver- 
suchen 1 


3 Verwendung fand, also Knospen, die nach der Einsammlung 
in 10 C im Dunkeln aufbewahrt worden waren, nur mit dem Unterschied, 
dass in diesem Fall die Knospen des Versuchsmaterials 14 Wochen in dieser 
Temperatur verbracht hatten. Die Streckungsbereitschaft des Ausgangsmate- 
rials unterschied sich hier kaum von der, die bei dem Ausgangsmaterial in 
früheren Versuchen (nach einer 4 und 10 Wochen langen Aufbewahrung in 
10 ) festgestellt werden konnte. Die zu diesem Versuch verwendeten Knospen 
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Tabelle 4. (Versuch 4) Die Zahl der in 2 Wochen ausgekeimten Knospen ist in ©/o der 
Gesamtzahl ausgedrückt. 


Aufbewahrungs- Unbehan- Bei 50° C gebadet 
delte Kon- - 
-dauer | -temperatur trollen | 1 11/2” gm 
Ausgangsmaterial 0 12,5 | 75 + (12,5) 100 100 
2 Wochen 10° C 12,5 25 87,5 100 100 
ren > 12,5 |25-+(25) 100 100 100 
a. | 10°(18h)/25°(6h) 0 0 25 75 + (12,5) 100 


allm. Ubergang 


4 > > 0 0 25 + (125) | 50+ (37,5) | 75+ (25) 

DEL Ss 10°(18h)/25°%(6h) 0 0 12,5 75 + (12,5) 187,5 4- (12,5) 
4 » » 0 0 22 50 + (25) 87,5 

2 » 10°(21h)/25%3h) 0 0 12,5 + (25) 87,5 + (12,5) 100 

4 » > 0 0 112,5 + (37,5)/87,5 + (12,5) 100 

2 »  |10°(221/2h)/25°(11/2h) 0 12,5 | 12,5 + (25) | 100 100 

4 > » 0 0 12,5 + (37,5) 100 100 

2 » 25° 0 0 125 75 87,5 + (12,5) 
4 » » 0 0 25 62,5 75+(25) | 


wurden in sechs Gruppen geteilt. Die Knospen der ersten Gruppe wurden 
täglich für 6 Stunden (von 9—15) in 25° im Dunkeln gebracht, die übrige 
Zeit aber, also 18 Stunden (von 15—9) blieben sie in der früheren Aufbe- 
wahrungstemperatur, d.h. 10° D. Die Knospen der zweiten Gruppe verbrach- 
ten nur 3 Stunden pro Tag (von 9—12) in 25° und 21 Stunden in 10°. Die 
Knospen der dritten Gruppe wurden nur 1 ‘/, Stunden lang (von 9—10 !J,) 
in jeden 24 Stunden in 25° gehalten, die übrigen 22 !/, Stunden bei 10°. 
Die Knospen der vierten Gruppe wurden wie in der ersten Gruppe 6 Stunden 
in 25° und 18 Stunden in 10° gehalten. Im Unterschied von der ersten Gruppe 
wurden hier beim Wechsel der Temperaturen die Gefässe mit Wasser und 
Knospen unmittelbar aus einem Thermostat in den anderen gestellt. Auf 
solche Art wurden die starken Temperatursprünge vermieden. Statt dessen 
waren diese Knospen einmal täglich eine gewisse Zeit einer ganz allmäh- 
lich von 10° auf 25° steigenden und ebenso einmal in je 24 Stunden einer 
nach und nach von 25° auf 10° sinkenden Temperatur ausgesetzt. Die 
Knospen der fünften Gruppe, die zur Kontrolle dienten, wurden wie vorher 
ununterbrochen in 10° D. aufbewahrt. Auch die Knospen der sechsten Gruppe 
wurden zur Kontrolle benutzt und ununterbrochen bei 25° im Dunkeln auf- 
bewahrt. 

Die Streckungsbereitschaft der Knospen wurde bei allen sechs Gruppen 
nach 2 und 4 Wochen langer Aufbewahrung geprüft. Die Resultate dieser 
Prüfungen sind in Tabelle 4 zusammengestellt. Wie aus dieser zu entnehmen 
ist, war die Streckungsbereitschaft des Versuchsmaterials ungefähr dieselbe 
wie in den Versuchen i—3. Nach 2 weiteren in 10° verbrachten Wochen 
wurden keine nennenswerten Veränderungen der Streckungsbereitschaft 
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dieser Knospen gefunden. Dagegen konnte man nach 4 Aufbewahrungs- 
wochen schon eine gewisse Zunahme der Aktivität bemerken. Die ununter- 
brochen in 25° verwahrten Knospen zeigten hier ebenso wie in früheren 
Versuchen starkes Sinken der Aktivität, das ungefähr von derselben Grössen- 
ordnung war wie früher. Während 1", 1 7/.™ und 2" lang gebadete Knospen 
des Ausgangsmaterials (14 W. lang in 10° C aufbewahrt) die Keimungszahlen 
75+ (12,5), 100 und 100 ergeben hatten, waren die entsprechenden Zahlen 
für die 2 Wochen in 25° aufbewahrten Knospen 12,5, 75 und 87,5+ (12,5), 
nach 4 Aufbewahrungswochen 25, 62,5 und 75+ (25). Alle die Knospen- 
gruppen, die in einer tagesperiodisch wechselnden Temperatur von 10° [252 
aufbewahrt wurden, zeigten gleichfalls nach 2 und 4 Wochen ein deutliches 
Sinken der Streckungsbereitschaft. Die Resultate, die mit den in wechselnder 
Temperatur von 10° (186) /25° (6) gehaltenen Knospen nach 2 und 4 Wochen 
langer Aufbewahrung erreicht wurden, unterschieden sich kaum von den- 
jenigen, die sich bei den entsprechend lange ununterbrochen in 25° auf- 
bewahrten Knospen ergaben. Die für 3 Stunden pro Tag in 25 , d.h. 10 (21®)/ 
/25° (3%), gebrachten Knospen zeigten bei Prüfung der Streckungsbereitschaft 
nach 2 und 4 Wochen langer Aufbewahrung etwas höhere Keimungszahlen, 
also ein etwas geringeres Sinken der Streckungsbereitschaft. Bei den nur 
1 !/, Stunden täglich in 25°, also 10° (22 1/,")/25° (1 ‘},h), gehaltenen Knospen 
wurden nach 2 und 4 Aufbewahrungswochen mit 1” und 2" langen Bädern 
von 50° gleiche Keimungszahlen erreicht wie bei den in der Temperatur von 
10°/25° (3) aufbewahrten Knospen, und auch 1 !/;" lange Bäder haben hier 
nur ganz wenig höhere Zahlen als bei den 3 Stunden lang pro Tag in 25° 
aufbewahrten Knospen gegeben: anstatt 87,5+ (12,5) wurde hier 100 erhal- 
ten. Im allgemeinen sind die Keimungszahlen, die hier nach 2 und 4 Wochen 
langer Aufbewahrung beobachtet wurden, etwas grösser als bei den Knospen, 
die ununterbrochen ebensolange bei 25° aufbewahrt wurden. So ergaben 
z.B. 1”, 11Lm und 2" lange Bäder bei den in 10°/25° (11h) gehaltenen 
Knospen nach 2 Wochen 12,5+ (25), 100 und 100 °/o Keimungen, bei den in 
25° (245) aufbewahrten 12,5, 75 und 87,5+ (12,5) °/o. Nach 4 Wochen langer 
Aufbewahrung in 10°/25° (1 LP) waren die entsprechenden Zahlen 12,5+ 
+ (37,5), 100 und 100, für die in 25° (24%), d.h. ununterbrochen bei 25°, 
aufbewahrten dagegen 25, 62,5 und 75+ (25). Trotz dieser Unterschiede sehen 
wir deutlich, wenn wir die Keimungszahlen, die 1 !/, Stunden täglich in 25° 
aufbewahrte Knospen nach 2- und 4wöchiger Aufbewahrung gegeben haben, 
mit denjenigen vergleichen, die weiter ununterbrochen bei 10° aufbewahrte 
Knospen geliefert haben, dass auch nur eine 17/, Stunden lange tägliche 
Aufbewahrung in 25° genügend war, um ein merkliches Sinken der Aktivität 
der Knospen hervorzurufen. So keimten z.B. von den 2 Wochen lang weiter- 
hin ununterbrochen bei 10° aufbewahrten Knospen nach 3/,™, 1" und 1 aoe 
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langen Bädern von 50°: 25, 87,5 und 100 °/o, von den 2 Wochen lang in 
einer periodisch wechselnden Temperatur von 10° (22 !/,6)/25° (1 4/,") gehal- 
tenen dagegen 12,5, 12,5+ (25) und 100 °/o. Nach 4 Wochen er Aufbe- 
wahrung zeigten die ersten 25+ (25), 100 und 100 °/o Keimungen, die zweiten 
aber 0, 12,5+ (37,5) und 100 ©. 

Die Unterschiede zwischen den Keimungszahlen, die bei Prüfung der 
Streckungsbereitschaft der 6, 3 und 1 !/, Stunden lang pro Tag bei 25° (die 
übrige Zeit bei 10°) aufbewahrten Knospen erhalten wurden, sind zu gering, 
um daraus sichere Schlüsse ziehen zu können. Eines scheint jedoch sicher 
kein Zufall gewesen zu sein: mit der Herabsetzung der täglich in 25° ver- 
brachten Stunden von 6 auf 1'!/, wurde das Sinken der Aktivität geringer, 
und es ist kaum zu bezweifeln, dass eine noch weitere Verkürzung des in 
25° verbrachten Zeitraums eine weitere Verminderung der Aktivitätsabnahme 
der Knospen zur Folge haben würde. Da die 6 Stunden lang täglich in 25° 
gehaltenen Knospen in ihrer Streckungsbereitschaft im Vergleich mit den 
ununterbrochen in 25° aufbewahrten praktisch keine Unterschiede zeigten, 
ist nicht zu erwarten, dass Aufbewahrung bei einer tagesperiodisch wechseln- 
den Temperatur von 10°/25°, wenn die tägliche Periode für 25° länger als 
6 Stunden wäre, ein noch stärkeres Sinken der Aktivität hervorrufen könnte. 

Was die Gruppe der Knospen betrifft, die in einer tagesperiodisch wech- 
seInden Temperatur von 10° (18")/25° (6%) aufbewahrt wurde und im Laufe 
des Versuches ständig mit dem Wasser von der bisherigen Temperatur in 
einen auf die andere Versuchstemperatur eingestellten Thermostat gebracht 
wurde, so dass sie beim Temperaturwechsel nur einer allmählichen Erwär- 
mung oder Abkühlung, nicht aber den schroffen Temperatursprüngen aus- 
gesetzt war, so zeigt sie im Vergleich mit den Knospen, die gleichfalls in 
einer periodisch wechselnden Temperatur von 10° (18?)/25° (6) aufbewahrt 
wurden, aber beim Temperaturwechsel immer plötzlich aus dem Wasser 
einer Temperatur in Wasser der anderen gelegt wurden, keine nennenswerten 
Unterschiede. So lieferten z.B. die Knospen mit dem allmähligen Temperà- 
turübergang nach 2wöchiger Aufbewahrung und 1", 17/,™ und 2” langen 
Bädern von 50° folgende Prozentzahlen der keimenden Knospen: 25, 75+ 
+ (12,5) und 100, die ebenfalls 2 Wochen aufbewahrten Knospen mit plôtz- 
lichem Temperaturwechsel während der Aufbewahrung nach gleich langen 
Bädern: 12,5, 75+ (12,5) und 87,5+ (12,5). Nach 4wöchiger Aufbewahrung 
waren die entsprechenden Zahlen bei den ersten 25+ (12,5), 50+ (37,5) und 
75+ (25), bei den zweiten 25, 50+ (25) und 87,5. Die Zahlen, die bei den 
Knospen gewonnen wurden, die einem allmähligen Temperaturwechsel unter- 
worfen waren, sind im ganzen genommen nur ganz wenig höher als die- 
jenigen, die sich bei den Knospen mit einer plötzlichen Ben 
ergaben. Man darf indes nicht vergessen, dass die Temperatur von 25% 


228 AUSEKLIS VEGIS 


ersten Fall keine vollen 6 Stunden pro Tag gewirkt hat. Die erhaltenen Zahlen 
sind aber im allgemeinen etwas geringer als diejenigen, die bei Aufbewah- 
rung in wechselnder Temperatur von 10° (21b)/25° (3%) mit plötzlichem Tem- 
peraturwechsel gewonnen wurden. 

Aus den soeben geschilderten Versuchsresultaten ist zu entnehmen, dass 
das Sinken der Streckungsbereitschaft der ruhenden Knospen, das durch 
eine Aufbewahrung bei einer periodisch wechselnden Temperatur hervor- 
gerufen wird, wo die höhere Temperatur täglich sechs Stunden wirkt, nur 
durch die Wirkung dieser erhöhten Temperatur bedingt ist; die Art des 
Wechsels der beiden intermittierenden Aufbewahrungstemperaturen, allmäh- 
liger oder plötzlicher Übergang, hatte keine wesentliche Bedeutung. 


Rückblick 


Die Ergebnisse der oben angeführten Versuche haben gezeigt, dass das 
Sinken der Streckungsbereitschaft, das bei den ruhenden Knospen durch 
eine erhöhte Aufbewahrungstemperatur bewirkt wird, nicht notwendig mit 
einer ununterbrochenen Wirkung der erhöhten Temperatur verknüpft ist. 
Ein gleich tiefes Sinken der Aktivität der Knospen konnte auch durch eine 
tagesperiodisch wechselnde Aufbewahrungstemperatur hervorgerufen wer- 
den, wern die Knospen sich nur 6 Stunden in jeden 24 Stunden in der 
erhöhten Temperatur (25° C) befanden. Selbst eine periodisch wechselnde 
Aufbewahrungstemperatur, bei welcher die Knospen nur 3 Stunden oder 
sogar nur 1 !/, Stdn. täglich bei 25° C verbracht hatten, hat ein Sinken der 
Aktivität zur. Folge gehabt, welches besonders im ersteren Fall (3 Stdn.) der 
Wirkung einer ununterbrochenen Aufbewahrung bei 25° C nur wenig nach- 
stand. 

Der tagesperiodische Wechsel der Aufbewahrungstemperatur erfolgte bei 
den meisten Versuchen in der Weise, dass die Knospen plötzlich aus einer 
Temperatur in die andere gebracht wurden und so auch der Einwirkung der 
sich tagesperiodisch wiederholenden jähen Temperatursprünge ausgesetzt 
waren, die in verschiedenen Versuchen 10°—20° C betrugen. In Versuch 4 
wurde jedoch bei einem Teil der Knospen dafür gesorgt, dass sie beim Tem- 
peraturwechsel ganz allmählich erwärmt und abgekühlt wurden, was mehr 
den natürlichen Verhältnissen entspricht. Es erwies sich, dass das Sinken der 
Streckungsbereitschaft nicht dadurch beeinflusst wurde, in welcher Weise, 
plötzlich oder allmählich, man den Temperaturübergang herbeiführte. In 
beiden Fällen wurden annähernd gleiche Resultate erhalten. 

In Übereinstimmung mit dem, was schon früher bei ununterbrochener 
Aufbewahrung in verschiedenen Temperaturen beobachtet wurde (Vegis 
1948), konnte auch hier beim tagesperiodischen Wechsel der Aufbewahrungs- 
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temperaturen mit höheren Temperaturen ein tieferes Sinken der Aktivität 
als mit niedrigeren erreicht werden. Schon früher konnte der Verfasser bei 
den Knospen, die ununterbrochen bei 5° C aufbewahrt wurden, kein nen- 
nenswertes vorübergehendes Aktivitätssinken feststellen. Die Aktivität dieser 
Knospen blieb während der ganzen Aufbewahrungszeit auf einem höheren 
Niveau als bei den höheren Temperaturen, und die freiwillige Ruhe hörte 
bei diesen Knospen früher auf als bei denjenigen, die in höheren Tempera- 
turen aufbewahrt wurden. Wurde beim tagesperiodischen Wechsel der Auf- 
bewahrungstemperatur eine Temperatur von 5° C mit der von 25° C im 
Verhältnis 5° (185) /25° (6°) kombiniert, so war das Verhalten der Knospen ein 
solches, als ob sie die ganze Zeit bei 25° aufbewahrt worden wären; das Über- 
gewicht lag also ganz auf der Seite der 25gradigen Temperatur. Wurde 
dagegen die Temperatur von 5° mit einer von 15° im Verhältnis 5° (18")/ 
/15° (65) kombiniert (Versuch 1), so zeigten die bei einer solchen Temperatur 
aufbewahrten Knospen kein Sinken, sondern, ebenso wie bei ununterbroche- 
ner Aufbewahrung bei 5°, ein Steigen der Aktivität, obgleich eine ununter- 
brochene Aufbewahrung in 15° C ein Sinken der Aktivität herbeiführt, das 
allerdings kleiner ist als bei 25° C. Das Übergewicht lag in diesem Fall also 
auf der Seite der 5gradigen Temperatur. In Versuch 3 wurde eine Auf- 
bewahrungstemperatur von 15° C mit einer solchen von 25° C im Verhältnis 
15° (18") /25° (6") kombiniert. Wie zu erwarten, war das Übergewicht in 
diesem Fall ganz auf der Seite der 25gradigen Aufbewahrungstemperatur. 
Die bei der Prüfung der Streckungsbereitschaft dieser Knospen gewonnenen 
Keimungszahlen zeigen, dass sich eine Aufbewahrung bei der tagesperiodisch 
wechselnden Temperatur von 15° (18")/25°(6") in ihrer Wirkung auf den 
Ruhezustand der Knospen kaum von derjenigen bei 5° (18h)/25° (6°) unter- 
scheidet. 

Im ganzen erwies sich das Verhalten der ruhenden Knospen, die vorher 
bei einer mässigen Temperatur von 10° C aufbewahrt worden waren und 
dann in eine periodisch wechselnde gebracht wurden, als in erster Hand von 
der höheren der beiden Temperaturen abhängig. War die letztere hoch genug 
(in unseren Versuchen 25° C), so war sie, obgleich sie nur einige Stunden 
täglich wirkte, für die Streckungsbereitschaft der Knospen, beinahe unab- 
hängig von der niedrigeren Temperatur der Aufbewahrung, ausschlaggebend. 
War dagegen. die höhere Temperatur nur mässig (in Versuch 1: 15° C) und 
die niedrigere täglich genügend lange wirksam, so konnte die niedrigere 
Übergewicht bekommen und für die Streckungsbereitschaft der bei solcher 
tagesperiodisch wechseinden Temperatur aufbewahrten Knospen bestimmend 
sein. Einfacher war der Fall in Versuch 4, wo die Knospen während des 
tagesperiodischen Wechsels der Aufbewahrungstemperatur einen Tages- 
abschnitt in der früheren Aufbewahrungstemperatur verblieben. War die 
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andere Temperatur höher (in Versuch 4: 25° C), so wurde ein Sinken der 
Streckungsbereitschaft beobachtet. Wäre dagegen die andere Temperatur 
niedriger als die frühere Aufbewahrungstemperatur gewesen, so würde die 
Streckungsbereitschaft der Knospen sicher gestiegen sein. 

Bei den hier angeführten Versuchen wurden nur solche Knospen verwendet, die 
vorher bei 10° C aufbewahrt worden waren. Es ist kaum zu bezweifeln, dass 
Knospen, die vorher in einer höheren oder niedrigeren Temperatur aufbewahrt 
worden wären, andere Resultate in bezug auf die Änderung der Streckungsbereit- 
schaft nach Aufbewahrung bei gleichen periodisch wechselnden Temperaturen 
ergeben hätten. Bei Knospen, die vorher in einer höheren Temperatur als 10 no 
aufbewahrt worden sind, wird die Streckungsbereitschaft schon von Anfang an 
niedriger sein, und eine 25gradige Temperatur wird hier kein so starkes Sinken 
der Streckungsbereitschaft hervorrufen wie bei vorher in 10° C aufbewahrten 
Knospen. Ebenso wird bei Knospen, die vorher in einer Temperatur unter 10° auf- 
bewahrt worden sind, eine gesenkte Temperatur bei periodischer Wirkung kein so 
grosses Steigen der Streckungsbereitschaft zur Folge haben wie bei den vorher in 
10° aufbewahrten. 


Es fragt sich nun erstens, wie es zu erklären ist, dass eine erhöhte Auf- 
bewahrungstemperatur, die nur einige Stunden pro Tag wirkt, die Streckungs- 
bereitschaft der Knospen in gleicher Weise herabsetzt wie eine ununterbro- 
chene Wirkung. Aller Wahrscheinlichkeit nach haben wir es hier mit solchen 
Wirkungen zu tun, bei denen induzierte Vorgänge, einmal eingeleitet, gewisse 
Zeit als sog. Nachwirkungen weitergehen, wenn der den Vorgang bewirkende 
Faktor weggefallen ist. Es gehört ja zu den Eigentümlichkeiten der biologi- 
schen Systeme, dass sie, um die Schärfe der verschiedenen äusseren Eingriffe 
zu mildern und auszugleichen, in gewissem Grade gepuffert sind. Infolge- 
dessen ist es möglich, dass ein durch einen Aussenfaktor bewirkter Vorgang, 
nachdem dieser Faktor zu wirken aufgehört hat, nicht plötzlich sistiert wird, 
sondern noch eine Zeitlang weiter verläuft und erst allmählich zum Stillstand 
kommt. Wırd der den Vorgang bestimmende Aussenfaktor, in unserem Fall 
die erhöhte Temperatur, nach gewissen, nicht zu langen Zwischenpausen 
wieder wirksam und übt wiederholte Anstösse aus, so scheint ein ununter- 
brochener Verlauf des Vorganges möglich zu sein, der sich nicht wesentlich 
von dem unterscheidet, welcher im Fall einer ununterbrochenen Wirkung 
des betreffenden Faktors abläuft. 

Zweitens fragt es sich, auf welche Weise die erhöhte Temperatur in unse- 
rem Fall einwirken konnte, und von welcher Natur die, die Streckungsbereit- 
schaft der Knospen herabsetzenden, Vorgänge sind. Ohne nähere Unter- 
suchungen hierüber ist dies schwer zu beurteilen. Man könnte vielleicht an 
eine Beeinflussung der enzymatischen Reaktionen denken, wodurch entweder 
der Wuchsstoff gebunden respektive unwirksam gemacht wird oder Hem- 
mungsstoffe gebildet werden. 
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Was die steigernde Wirkung der tagesperiodisch wechselnden Tempera- 
turen vom Muster 5°/15° (wo die untere Temperatur niedrig und auch die 
höhere nicht hoch ist) auf die Aktivität der Knospen betrifft, so ist sie 
eigentlich durch Beobachtungen in der freien Natur schon längst bekannt. 
Es ist eine allgemein bekannte Tatsache, dass Pflanzen, die eine freiwillige 
Ruhe besitzen, wenn sie ins Gewächshaus gebracht werden, um so rascher 
treiben, je länger sie vorher im Freien den niedrigen Temperaturen ausge- 
setzt waren (KraSan 1873, Askenasy 1877, Pfeffer 1906, Howard 1906, 1910, 
1915, Molisch 1909 u.a.). In den Jahren, in denen die Temperatur frühzeitig 
zu sinken beginnt, beenden die Pflanzen ihre Ruheperiode früher. Werden 
die ruhenden Pflanzen der Wirkung der Kälte entzogen, z.B. ins Gewächs- 
haus gebracht, so verharren sie viel länger in Ruhe (Simon 1906, Molisch 
1909, Weber 1916 u.a.). Auch im Freien sind die Pflanzen keiner ununter- 
brochenen Wirkung der Kälte unterworfen. Zwischen den Perioden der Kälte- 
wirkung, die besonders im Anfang des Herbstes nur einige Stunden dauern, 
liegen kürzere oder längere Zwischenzeiten, während welcher die Pflanzen 
sich in höheren Temperaturen befinden. Trotzdem gehen die einzelnen 
Kältewirkungen, wenn die Temperatur während der Zwischenzeiten nicht zu 
hoch ist, nicht verloren. Je mehr die Pflanzen kalten Tagen ausgesetzt waren, 
um so mehr steigt die Streckungsbereitschaft ihrer Knospen, und um so 
kleinere frühtreibende Reize braucht man anzuwenden, um sie aus der 
Ruhe zu bringen. Es ist kaum zu bezweifeln, dass die durch die einzelnen 
Kältewirkungen bewirkten Vorgänge während der Zwischenpausen im Spät- 
herbst nicht rückgängig gemacht werden, sondern weitergehen und immer 
mehr zunehmen, bis endlich die Aktivität der Knospen, ihre Streckungs- 
bereitschaft, in einem so hohen Grade steigt, dass sie fähig werden sich schon 
unter üblichen Bedingungen ohne weiteres zu strecken. Es sei noch bemerkt, 
dass sich auch bei Vernalisation herausgestellt hat, dass bei Digitalis pur- 
purea 2 Wärmetage wöchentlich (Arthur & Herwill 1941), bei Winterweizen 
eine gewisse Anzahl Wärmestunden täglich (Tetjurev 1939) die Wirkung 
der Kältebehandlung nicht aufheben. 

Wenn eine erhöhte Temperatur des Milieus eine Vertiefung der freiwilli- 
gen Ruhe, d.h. das Sinken der Streckungsbereitschaft der ruhenden Knospen, 
bewirkt, eine niedrige dagegen ein Steigen, so fragt es sich, ob man es hier 
nicht im Grunde mit einem Vorgang, vermutlich enzymatischer Natur, zu 
tun hat, der bei niedrigeren Temperaturen in einer, bei höheren dagegen in 
entgegengesetzter Richtung verläuft. Eine Antwort ohne diesbezügliche Unter- 
suchungen kann hier nicht gegeben werden. 

Da die hier geschilderten Beobachtungen, dass eine ununterbrochene Wir- 
kung der höheren Temperaturen in bezug auf die Herabsetzung der Streckungs- 
bereitschaft durch eine nur einige Stunden pro Tag dauernde ersetzt werden 
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kann, und dass ebenso auch eine ununterbrochene Wirkung der niedrigeren 
Temperaturen hinsichtlich ihres die Streckungsbereitschaft steigernden Ein- 
flusses durch eine tagesperiodische, nur eine gewisse Zeit pro Tag dauernde 
ersetzbar ist, führen zu dem Gedanken, dass beim Zustandekommen der frei- 
willigen Ruhe von Knospen unter natürlichen Verhältnissen in Fällen, wo sie 
gerade vor der Streckung fertiggebildeter Organanlagen eingeschaltet ist, die 
während der Tage merklich erhöhte Temperatur des Spätsommers und Früh- 
herbstes von grossem Einfluss sein könnte. 

Es ist nicht zu bezweifeln, dass die Ruheperiode der Winterknospen als 
eine zweckmässige Einrichtung zu betrachten ist, die mit dem periodischen 
Wechsel des Klimas in mässigen Zonen, mit dem Vorhandensein der kalten 
Jahreszeit, im Zusammenhang steht. Durch die freiwillige Ruhe wird das 
Treiben der vollständig ausgebildeten Knospen unter für das Wachstum noch 
günstigen Verhältnissen des Frühherbstes verhindert. Würde das nicht 
geschehen, so würden die im Wachstum begriffenen Pflanzenteile durch -den 
bald folgenden Frost starken Schaden leiden. Jedoch würde es ganz unbe- 
gründet sein, das herbstliche Sinken der Temperatur als den Faktor zu 
betrachten, der das Sinken der Streckungsbereitschaft in den Knospen be- 
wirkt, die eine winterliche freiwillige Ruheperiode haben. Die in den Knospen 
fertig ausgebildeten Organanlagen ruhen oft schon zu einer Zeit, wo von 
Kältewirkung noch keine Rede sein kann. In diesem Zusammenhang sei 
auch an perennierende Frühlingspflanzen erinnert, die während des Som- 
mers ruhen. Wenn die Kältewirkung schon im Herbst auftritt, bewirkt sie 
keine Vertiefung, sondern umgekehrt eine allmähliche Aufhebung der frei- 
willigen Ruhe, was in den schon zitierten und vielen anderen Arbeiten 
zweifellos festgestellt ist. Durch die Kältewirkung, die im Herbst keine un- 
unterbrochene ist, wird die Hemmung des Streckungswachstums allmählich 
aufgehoben und die Streckungsbereitschaft der Knospen mehr und mehr 
gesteigert. so dass sie zu der Zeit, wo die Pflanzen schon einer ununterbroche- 
nen Wirkung der Kälte ausgesetzt sind, oft so weit gestiegen ist, dass die 
freiwillige Ruhe der Knospen als beendet betrachtet werden kann: in für 
das Treiben günstige Bedingungen gebracht, gehen solche Knospen bald zur 
Streckung über. In natürlichen Verhältnissen ist die freiwillige Ruhe über- 
flüssig geworden, denn infolge der tiefen Wintertemperatur verharren die 
Knospen bis zum Frühling in Zwangsruhe. 

Es erhebt sich nun die Frage, ob das im Freien zuerst Schritt für Schritt 
eintretende Sinken der Streckungsbereitschaft (Zustandekommen der freiwil- 
ligen Ruhe) und das nach der Erreichung eines gewissen Tiefstandes allmäh- 
lich erfolgende langsame Steigen (allmähliches Schwinden der freiwilligen 
Ruhe) nicht mit dem periodischen Temperaturwechsel, einem Steigen wäh- 
rend des Spätsommers und einem Sinken im Spätherbst, in Zusammenhang 
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gebracht werden kann. Wäre die Ruheperiode wirklich teilweise durch 
Jahresperiodische Temperaturänderungen induziert, so wäre es vielleicht be- 
rechtigt, hier von einer Art Thermoperiodizität zu sprechen. Die steigernde 
Wirkung der niedrigen Temperaturen auf die Streckungsbereitschaft der 
ruhenden Knospen Kann nicht mehr bezweifelt werden. Was die Wirkung 
der höheren Temperaturen betrifft, so hat Verfasser zwar bewiesen, dass sie in 
schon ruhenden Knospen ein weiteres Sinken der Streckungsbereitschaft her- 
vorrufen können, aber es bleibt unbewiesen, dass nicht ruhende Knospen 
durch erhöhte Temperatur des Milieus in Ruhe überführt werden können. 
Ja, es ist sogar allgemein bekannt, dass nach dem Ablauf der freiwilligen 
Ruheperiode höhere Temperaturen das Treiben der Knospen, also das Strek- 
kungswachstum, begünstigen. In einigen Fällen ist es dem Verfasser aber 
dech gelungen, in Knospen, die vor kurzem aus der Ruhe getreten waren, 
durch Erhöhung der Aufbewahrungstemperatur die Streckungsbereitschaft 
wieder so tief zu senken, dass diese Knospen bei üblichen Wachstumsbedin- 
gungen unbehandelt nicht mehr auskeimten. Über diese Versuche wird in 
einer späteren Mitteilung berichtet werden. 

Aller Wahrscheinlichkeit nach sind bei dem Aufhören des Wachstums und 
dem Zustandekommen der freiwilligen Ruhe auch andere Aussenfaktoren 
von Bedeutung, namentlich, wie die Untersuchungen von Moschkov (1935) 
sowie Kramer (1936, 1937) vermuten lassen, die Photoperioden, d.h. die 
Länge des Tages. Es ist interessant, dass bei Robinia pseudoacacia eine 
frühere Beendigung des Wachstums durch die 20tägige Einwirkung der 
Kurztage nur in der Jahreszeit (16. Juli—7. August), wo die Temperatur 
der Umgebung verhältnismässig hoch war, hervorgerufen werden konnte. 
Früher und später, als die Temperatur merklich niedriger war, hatte eine 
gleiche photoperiodische Wirkung entweder keine oder nur unbedeutende 
Folgen (Moschkov l.c., p. 251 f.). 

Wie einige gelegentliche Beobachtungen vermuten lassen, übt möglicher- 
weise auch bei den Winterknospen von Stratioles aloides die Tageslänge 
einen gewissen Einfluss auf die Streckungsbereitschaft der ruhenden Knospen 
aus. Verfasser beabsichtigt, sich in weiteren Untersuchungen auch dieser 
Frage sowie den Wechselbeziehungen zwischen der Tageslänge und der 
Temperatur des Milieus hinsichtlich ihres Einflusses auf die Streckungs- 


bereitschaft der Knospen zuzuwenden. 


Zusammenfassung 
1. Ein durch erhöhte .Aufbewahrungstemperatur (25° C) hervorgerufenes 
Sinken der Streckungsbereitschaft der ruhenden Knospen von Stratiotes 
aloides kann ebensogut auch durch eine tagesperiodisch wechselnde 197/25, 
15 /25 und 10 /25 ) Aufbewahrungstemperatur bewirkt werden. 
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2, Eine nur 6 Stunden pro Tag dauernde Einwirkung der 25gradigen 
Temperatur war imstande, die ununterbrochene Wirkung dieser Aufbewah- 
rungstemperatur zu ersetzen. Auch nur 3 und selbst 1 1}, Stunden täglich in 
25° (10°/25°) aufbewahrte Knospen wiesen ein Sinken der Streckungsbereit- 
schaft auf, das sich nicht sehr von dem durch ununterbrochene Aufbewah- 
rung in 25° bewirkten unterschied. 

3. Die Tiefe des Sinkens der Streckungsbereitschaft der Knospen beim 
tagesperiodischen Wechsel der Aufbewahrungstemperatur war unabhängig 
davon, ob bei dem Temperaturwechsel der Übergang von einer Temperatur 
zur anderen plötzlich oder ganz allmählich herbeigeführt wurde. 

4. Beim tagesperiodischen Wechsel der Aufbewahrungstemperatur in der 
Weise, dass eine niedrige Temperatur (5° C) mit einer mässigen (15° C) im 
Verhältnis 5° (18")/15°(6") kombiniert wurde, gelang es, ein Steigen der 
Streckungsbereitschaft der Knospen hervorzurufen, das demjenigen, das 
durch eine kontinuierliche Aufbewahrung in 5° erreicht wurde, nicht 
nachstand. 

5. Da auch bei nur periodischer Wirkung die erhöhten Temperaturen 
ein Sinken der Streckungsbereitschaft der ruhenden Knospen hervorrufen, 
die niedrigeren dagegen ein Steigen, so besteht unter natürlichen Verhält- 
nissen nicht nur ein Zusammenhang zwischen der Wirkung der niedrigen 
Spätherbsttemperaturen und dem allmähligen Schwinden der Knospenruhe, 
sondern möglicherweise auch zwischen der Einwirkung der hohen Tem- 
peraturen des Spätsommers/Frühherbstes einerseits und dem Zustandekom- 
men der Ruheperiode anderseits. 

Professor Elias Melin, dem Direktor des Institutes für physiologische Botanik, spreche 
ich meinen herzlichsten Dank für sein ständiges freundliches Entgegenkommen aus. 


Kungl. Arbetsmarknadsstyrelsen bin ieh zu Dank verpflichtet für ein Arbeitsstipendium, 
welches es mir ermöglichte, meine Forschungsarbeit fortzusetzen. 
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In à previous paper it was shown that Scenedesmus obliquus is capable 
of utilizing glycocoll as a source of nitrogen (Algéus 1948). In this process 
ammenia is liberated under certain conditions and is surrendered to the 
culture medium. The investigation gave support to the assumption that with 
Scenedesmus the deamination in the light is rather independent of the carbo- 
hydrate metabolism and runs in excess of the requirements. There is reason 
to assume, however, that this is not the case with all fresh-water algae. 
Glycocoll cultures of Chlorella vulgaris contained thus only insignificant 
ameunts of ammonia or none at all (Algéus 1946). It was evident, however, 
that also this alga could utilize the amino acid as a source of nitrogen. In 
the present investigation the nitrogen metabolism of Chlorella in glvcocoll 
cultures has been the subject for a more detailed study. The experimental 
material consisted of a clone culture of Chlorella vulgaris Beijerinck which 
had been kept isolated in pure culture since 1942. For a detailed description 
of the experimental methods reference may be made to Algéus (1948). 


Experimental Results 


Experiment 1. Glycocoll and carbon dioxide in the light 


In this experiment in which the atmospheric carbon dioxide was the 
source of carbon the time curve of the nitrogen assimilation as well as the 
grewth curve were studied. The initial pH was 7.1. The experimental results 
are shown in Fig. 1. The presence of ammonia in the culture medium could 
be demonstrated only sporadically and then in very insignificant amounts, 
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Fig. 1. Growth and nitrogen assimilation in cultures with carbon dioxide in the light 
(Exp. 1). The abscissae indicate the time in days, the ordinates give the number of cells 
per mm? (X——X) as well as the nitrogen assimilation (O-—O) in mg N per culture. 


not exceeding 0.01 mg per culture. The pH durjng the course of the experi- 
ment showed rather irregular values varying between 7.2 and 7.7, and this 
variation did not follow the liberation of ammonia mentioned above. The 
average rate of’nitrogen assimilation of the individual ceil at different times 
in the development of the culture is given in Fig. 2. The same curve gives 
the rate at which the glycocoll-N is released by deamination. The retardation 
in the rate of assimilation is not synchronized with the retardation in the 
rate of cell division which takes place later. The nitrogen content of the 
individual cell is shown in Fig. 3. The protein content decreases when the 
rate of cell division is at a maximum; when cell division has ceased it rises 
again but it does not reach its original value. The reason for this will be 
discussed later on. The above experiments indicate that glycocoll is a good 
source of nitrogen for Chlorella. Since there is practically no ammonia 
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Fig. 2. Rate of nitrogen assimilation of the individual cell of Exp. 1, 3 and 4. The 

abscissae indicate the time in days, the ordinates the rate in mg N per cell per day. 

Cultures with carbon dioxide in the light (X——X, Exp. 1), with glucose in the dark (@—®, 
Exp. 3) and with glucose + carbon dioxide in the light (O---O, Exp. 4). 


present in the culture medium the deamination must be either well adapted 
to the nitrogen requirement of the cell or the nitrogen assimilation must be 
limited by the rate of the deamination. It will be shown that the latter is 
the case. 


Experiment 2. Only glycocoll in the dark 


The growth in this experiment was insignificant and the final value of 
the number of cells was only about 120 per mm?. Furthermore, cell division 
occurred only during the first days of the experiment, probably by utilizing 
the storage of carbohydrate in the original cells. In spite of this a deamina- 
tion of the amino acid took place when part of the nitrogen was assimilated 
(approximately 0.005 mg N per culture) and the rest was surrendered to the 
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Fig. 3. Nitrogen content of the individual cell. The abscissae indicate the time in days, 

the ordinates, the N content per cell in mg. Glycocoll cultures with carbon dioxide in the 

light (X——X, Exp. 1), with glucose in the dark (@---@, Exp. 3), with glucose + carbon 

dioxide in the light (0—— 0, Exp. 4) and ammonium chloride cultures with carbon dioxide 
ee (Gam, BE 7); 


medium in the form of ammonia (0.010—0.012 mg per culture). The nitrogen 
content calculated per cell was high, 8—12 - 10—1° mg compared with a final 
value of 5: 10—1° mg in Experiment 1. Glycocoll must be considered worth- 
less as a source of carbon for Chlorella. 


Experiment 3. Glycocoll and glucose in the dark 


Fig. 4 shows the growth and nitrogen assimilation in glycocoll cultures 
containing glucose (10 g per liter) in the dark. Ammonia could not be 
demonstrated on any occasion. During the course of the experiment the pH 
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Fig. 4. Growth and nitrogen assimilation in cultures with glucose in the dark (Exp. 3). 
The abscissae indicate the time in days, the ordinates give the number of cells per mm? 
(X——X) as well as the nitrogen assimilation (O——O) in mg N per culture. 


fell from 7.2 to around 6. The decrease in the pH is probably connected 
with the formation of organic acids on the decomposition of the carbohydrate. 
The rate of nitrogen assimilation of the individual cell is shown in Fig. 2 
and the nitrogen content of the cell is given in Fig. 3. If in Experiments 1 
and 3 the average quantity of amino-nitrogen released per cell per day is 
estimated from the beginning of the experiments to the cessation of deamina- 
tion on the twenty-seventh and the fifty-fifth day respectively the ratio will 
be 1 : 0.36, i.e., the average rate of deamination in the cells in Experiment 3 
is only ‘|, of that in Experiment 1. The result can be attributed to the presence 
of glucose in the solution. 


Experiment 4. Glycocoll+ glucose+ carbon dioxide in the light 


The same arrangement as in the preceding experiment except that the 
cultures were exposed to continuous illumination. The results of the experi- 
ment are found in Fig. 5. Ammonia could not be demonstrated. The pH fell 
from 7.0 to 5.2. The rate of nitrogen assimilation of the individual cell (i.e., 
the rate of deamination) decreases at an early stage and is not synchronized 
with the retardation in the rate of cell division (Fig. 2). The nitrogen content 
of the cells attains a final value which agrees with that found in Experi- 
ment 3 (Fig. 3). If the average quantity of amino-nitrogen released per cell 
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Fig. 5. Growth and nitrogen assimilation in cultures with glucose + carbon dioxide in the 
light (Exp. 4). The ‘abscissae indicate the time in days, the ordinates give the number 
of cells per mm? (x—— X) as well as the nitrogen assimilation (O_O) in mg N per culture. 


per day is estimated from the beginning of the experiment to the cessation 
of deamination on the thirty-third day it is found to be slightly less than in 
Experiment 1 which was carried out in the light without glucose (ratio 
1 : 1.2), but considerably greater than in Experiment 3 which was performed 
in the dark in the presence of glucose (ratio 1 : 0.45). Glucose has, therefore; 
no limiting effect in the light experiment. 


Experiment 5. Deamination at different pH levels 


Additions of ‘/;;, M phosphate buffer and citric acid plus ferric citrate 
(1:1) in a concentration of 0.2 mg per liter were made to the nutrient 
solution. The initial pH values were 5.0, 6.0, 7.0, and 7.8. The duration of 
the experiment was 30 days: In the alkaline cultures a marked chlorosis 
set in notwithstanding the addition of ferric citrate during the course of the 
experiment. The values from these cultures are not included in Table 1 which 
gives the other experimental results. 
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Table 1. Effect of pH on the growth and nitrogen metabolism in glycocoll cultures (Exp. 5). 


D 


Initial pH 5.0 6.0 7.0 

bn re 
imal pH ER eee 5.0 5.8 7.0 

5.0 5.8 7.0 
Growth, cells per mm?....................- 11,200 8,800 33,400 

10,200 10,300 27,500 
Assimilated N,mg per culture............ 0.30 0.21 0.30 

0.28 0.23 0.29 
Ammonia-N,mg per culture ............ 0.019 0 0 

0.014 0.011 0 


The number of cells increases with rising pH. The protein content of the 
cultures is almost constant. Ammonia could be demonstrated in the acid 
solutions, although only in small amounts. On the other hand, the neutral 
(and alkaline) solutions did not contain any ammonia. Although the growth 
curves at the different pH levels have not been determined it must be 
considered probable that the deamination power of the individual cell is 
greater in acid than in neutral solution. 


Experiments 6—7. Nitrogen assimilation in glycocoll and 


ammonium chloride cultures 


The same arrangement as in Experiment 5 except that the source of 
nitrogen was supplied by either glycocoll or ammonium chloride. All solu- 
tions had the same nitrogen content with excess nitrogen. The initial pH 
values were 5.0 and 7.0 respectively. The duration of the experiment was 
30 days. Table 2 gives the nitrogen content of the individual cell in the 
different cases. In the ammonium chloride cultures the cells contain approxi- 
mately 5 times as much nitrogen as in the glycocoll cultures. The nitrogen 
content decreases in both instances with increasing pH. 

In another experiment (No. 7) the nitrogen content of the individual cell 
in the ammonium chloride cultures was determined at different times. The 
experimental procedure was the same as above except that the buffer solu- 
tion was omitted and the pH was maintained within the limits of 6.9 and 
7.4 by the aseptic addition of sodium carbonate. The experimental results 
are shown by the upper curve in Fig. 3. A comparison with Experiment 1 
(Fig. 3) indicates that the nitrogen content of the cell is significantly higher 
in ammonium chloride solutions than in glycocoll solutions. 
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Table 2. The N-content of the individual cell in mg in glycocoll and 
ammonium chloride cultures (Exp. 6). 
pa ee ee ee ees 


mg N 
N-source 
pH 5.0 | pH 7.0 
Glvcocolllt ce RE icsiect age: 5.3.10—10 | 1.8.10—10 
5.5.10-10 | 2,1.10-10 
Ammonium chloride ...... 24.4.10-10 | 9.3. 10-10 
24.8.10-10 | 9,7.10-10 
Discussion 


A discussion of the foregoing experimental results lends itself very easily 
to a comparison of the two green algae, Scenedesmus obliquus and Chlorella 
vulgaris with respect to their relationship to glycocoll. Both can utilize 
glycocoll as a source of nitrogen. If the source of carbon is supplied by 
atmospheric carbon dioxide (light) Scenedesmus surrenders considerable 
amounts of ammonia to the nutrient solution during nitrogen assimilation 
while the rate of the deamination of Chlorella appears to limit the nitrogen 
assimilation. Hence it follows that in ammonium chloride cultures the 
nitrogen content of Chlorella is significantly higher than in glycocoll cultures. 

The deamination power of the cell in both species increases with a falling 
pH. Below pH 6 small amounts of ammonia are found even in Chlorella 
cultures. In this connection also an explanation can be given for the fact 
that in Experiment 1 the protein content of the cells does not attain the 
same final value as in Experiments 3 and 4 (Fig. 3). The final pH in Experi- 
ment 1 was approximately 7.3 while in Experiments 3 and 4 the corresponding 
value was 6.0 and 5.2 respectively. 

In the dark with glycocoll as the source of carbon and nitrogen the 
number of cells is low in both species. While the highest number of cells 
in Scenedesmus was reached first after more than 20 days cell division in 
Chlorella took. place only during the first days of the experiment. It is 
probable that the carbohydrate reserves of the initial cells were utilized in 
this process and that consequently glycocoll is completely worthless as a 
source of carbon for Chlorella. In both species, however, a deamination takes 
place in which some of the nitrogen is assimilated and the remainder is 
surrendered to the nutrient solution in the form of ammonia. The protein 
content of the cells is high. 

Both species behave similarly towards glucose. In the dark the deamination. 
is retarded by the carbohydrate and the assimilation of nitrogen takes place 
at a slow but almost constant rate. In the light the restraining effect of the 
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carbohydrate is hardly noticeable in either species. From the above com- 
parison it is evident that the difference between Scenedesmus and Chlorella 
is more quantitative than qualitative. In Scenedesmus the deamination power 
is overproportioned and ammonia is surrendered to the nutrient solution. In 
Chlorella this mechanism is underproportioned and it has a limiting effect 
upon the nitrogen assimilation. 


Summary 


1. Glycocoll is a good source of nitrogen for Chlorella vulgaris. At pH 7 
with atmospheric carbon dioxide (light) as the source of carbon no ammonia 
is liberated. 

2. The nitrogen content of the individual cell is considerably lower in 
glycocoll cultures than in ammonium chloride cultures, which indicates that 
the deamination has a limiting effect upon the assimilation of nitrogen. 

3. The deamination has an optimal pH of around 5. The major part of 
the amino-nitrogen liberated at this pH is assimilated and the remainder is 
found in the nutrient solution as ammonia. 

4. Glycocoll is worthless as a source of carbon for Chlorella. Notwith- 
standing this a deamination takes place in the dark during the first days 
of the experiment and ammonia is surrendered to the nutrient solution. The 
nitrogen content of the cells is high. 

5. Glucose in the dark has a retarding effect upon the rate of deamination 
of the individual cell. In the light with glucose and carbon dioxide the rate 
of deamination is not affected. Ammonia is not liberated. 

6. A comparison between Chlorella vulgaris and Scenedesmus obliquus, 
which has been previously investigated, reveals that the differences between 
the two species are of a quantitative nature. In Scenedesmus the mechanism 
of deamination is overproportioned and an excess of nitrogen is surrendered 
to the nutrient solution in the form of ammonia. In Chlorella this mechanism 
is underproportioned and it has a limiting effect upon the assimilation of 
nitrogen. 
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Investigations of Thujaplicin, a Fungicidal Substance 
in the Heartwood of Thuja plicata D. Don. 


By 
ERIK RENNERFELT 


Forest Research Institute of Sweden, Stockholm 
(Received Aug. i4th, 1948) 


One of the most resistant kinds of woods is that of the Western Red Cedar, 
Thuja plicata D. Don. In a number of investigations (Schmitz and Daniels 
1921, Findlay 1933, Cartwright 1941, etc.), it has been proved that the heart- 
wood is hardly ever attacked by the decay fungi. Cartwright pointed out 
that the outer heartwood is more resistant than the inner, and this fact has 
also been found applicable to other tree species, such as Sequoia semper- 
virens (Sherrard and Kurth 1933), Larix decidua (Cartwright 1942), and 
Pinus silvestris (Rennerfelt 1947). 

Wood samples of Thuja, obtained from a 40-year old tree grown in the 
state forest of Béda in the island of Oland, with a density of ca 0.30, exhibited 
great resistance to the decay fungi in a similar way (Table 1). The wood was 
exposed to the decay fungi in Kolle flasks for a period of four months at 
AC. 

The outer heartwood was not attacked at all, and on the inner heartwood 
only Coniophora puteana and Fomes pinicola succeeded in causing a slight 
decay. Other fungi did not attack the inner heartwood to any greater extent 
than the outer, and it is a noteworthy fact that Lentinus lepideus and Poria 
vaporaria were not able to attack the sapwood to any appreciable degree 
either. This may possibly depend on some substance present in the sap- 
wood which affect some fungi adversely, since Sowder (1929) observed 
that an extract obtained from the sapwood inhibited the growth of Lentinus 
lepideus, though not to the same degree as an extract from the heartwood. 

In a number of investigations, (Sowder 1929, Anderson and Sherrard 1933, 
Cartwright 1941, Southam and Ehrlich 1943), it has been shown that the 
heartwood embodies constituents of high toxicity. Anderson and Sherrard 
obtained from the steam distillate two substances with the same empiric 
formula C,9H,202:. One of these substances, which was called dehydro- 
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Table 1. Loss in weight of sapwood and heartwood of Thuja plicata. 


per cent loss in weight 
Fungus heartwood 
sapwood = | 
| outer inner | 
Coniophora puteana ...... 54.0 3.8 7.8 
Fomes pinicola ............ 16.8 | 0 12.4 
Lentinus lepideus ......... 4.2 3.3 39 | 
Merulius lacrymans ...... 26.2 Zul. 4.2 
Poria vaporaria............ 2.5 2.8 2.5 


perillic acid, produced only a slight toxic effect on the fungi, of approxi- 
mately the same degree as phenol. The other, however, the composition of 
which was never thoroughly analysed, had a very considerable toxic effect 
upon the fungi. Thus the growth of Polyporus annosus on malt extract agar 
was inhibited by adding as little as 0.005—0.007 °/o to the substratum. 

Attempts to prepare the effective substance from the heartwood of Thuja 
plicata in pure condition have been continued by Erdtman and collaborators, 
partly with material obtained from Anderson and partly with the wood of 
Thuja plicata from the state forest of Boda. As a result of these experiments, 
three isomeric substances with the composition C,)H,.0O. have been isolated 
from the Thuja plicata wood. A preliminary statement about these substances, 
which were named «-, ß- and y-thujaplicin, has been published in »Nature» 
(Erdtman and Gripenberg 1948), and a more detailed description will be 
published in » Acta Chemica Scandinavica». From the chemical point of view, 
these substances are of a relatively uncommon type, as they are built up of 
a ring with seven carbon atoms, and they show an unmistakable relationship 
to the terpene group. There is, however, no relationship between pinosylvin 
and these compounds. Only a small number of natural compounds with 
7-rings are known to date. The structure formula of these compounds is given 
below: 


CH3—CH-CHa 


CHz 
# Hz CF 
SCH sus 
SCHE 5 
4 Zn 
O OH O OH O OH 
&-thujaplicin ß-thujapliein y-thujapliein 


melting point 34° melting point 52° melting point 82° 
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Table 2. Relative growth of decay fungi in agar containing y-thujaplicin. The growth in 
pure malt agar with one per cent alcohol = 100. 


TET 


Funeus per cent Y-thujaplicin 
0.002 0.001 0.0005 | 0.0002 
| 

Coniophora puteana .................. —1 — 24 id 
EE OMESEDURICOI RER Re — | a 48 76 
Verlinus lepideus nase hee + | + +. 50 
Merulius lacrymans ................. — — — 4 
Polyporus balsameus .................. + 1 70 79 | 
Porianalbipellueidar.e..nerere. he + 28 78 84 

DI RENTEN Sog oe ee — — 42 65 

D D UDOT OT see eee ec — —- 69 99 

De MGR EE Ce EE ce + 44 12 | 86 


1 — no growth after 10 days on pure malt agar. 


+ growth within 10 days on pure malt agar. 


The effect of these compounds on decay and blueing fungi has been tested 
at the Forest Research Institute of Sweden. 


1. The effect upon decay fungi 


Experiments on decay fungi have been carried out with y-thujaplicin, 
of which the largest amount, approximately 1 g, was at our disposal. This 
substance was mixed into malt extract agar. As the compound is not soluble 
in water to any considerable degree, it was dissolved in 96 per cent alcohol. 
Care has been taken, when adding it after sterilization to the malt extract 
agar, that the alcohol concentration was about 1 per cent in every case. 

Experiments were carried out in test tubes, each containing 5 ml malt 
extract agar. The upper edge of the agar slant was inoculated with small 
pieces of the mycelium of decay fungi, and the growth in mm of the myce- 
lium was measured every other day, until the mycelium in the control tubes 
had reached the botton of the tubes. The absolute rate of growth obtained 
by these mensurements was then re-calculated in relation to the growth rate 
in the control tubes, which was taken as 100. The figures in the tables 
represent the average of four repetitions of the experiment. 

As test fungi for these experiments, types were chosen which are generally 
used in decay experiments, which attack timber in buildings, etc., as well 
as those which, in the natural distribution area of Western Red Cedar, 
cause the most serious damage to this tree (Buckland 1946). 

From Table 2 it can be seen that y-thujaplicin is very effective against 
the decay fungi. In a solution of 0.002 per cent (20 p.p.m.), the growth of 
all fungi was stopped. In a solution of 0.001 per cent, only a small number 
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Fig. 1. Growth of Poria Weirü in malt extract agar with y-thujaplicin. a= control, 
b=0.0002, c—0.0005 and d=0.001 per cent y-thujaplicin. 


— those which cause decay in the Western Red Cedar timber in its home 
areas — were able to grow. In a solution of 0.0005 per cent, all the decay 
fungi were able to grow, except Lentinus lepideus and Merulius lacrymans, 
which only began to grow in as low a concentration as 0.0002 per cent 
(=2 p.p.m. or 10 ug per 5 ml substratum). The Merulius mycelia were 
killed in concentrations higher than 0.0002 per cent, while Lentinus lepideus 
was only inhibited, as all the mycelia grew after being transferred to pure 
malt extract agar. 

In higher concentrations, thujaplicin produces a very considerable in- 
hibiting effect, which could be noted from the lower rate of growth on one 
hand, and the fact that the mycelium required a longer time to grow out from 
the inoculum (fig. 1), on the other. 

It may be of interest to compare the effect of thujaplicin with that of some 
other well-known disinfectants. Phenol, tested in the same way as y-thuja- 
plicin, inhibits the decay fungi in 0.1—0.2 per cent concentrations (Table 3). 
Thus thujaplicin is about 100—200 times more effective than phenol, and 
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Table 3. Relative growth of decay fungi in agar containing phenol. The growth in pure 
malt agar without phenol— 100. 
mn ne mme 


per cent phenol 


Fungus 

0.2 0.1 0.05 0.02 

Coniophora puteana ......... Dern == = | 31 | 93 

Fomes pinicola RE Baers = 2 | 12 | 47 

Wenlinusulepidens Es re doncee = 18 | 58 97 

Merulius laerymans re = — | 1 | 67 

MPOLHDOTNS DAISAMENS 0, == > — | 53 

ortagalbipelluerdanen ee + + | 28 | 73 

DMA ST NIC Perr een. Lane Se DEL = = | 13 63 
D DD OCCUR eee ec neue — + | 50 | 82 
MR Nec A IN LAN Lie a | =i 15 | 31 | 


Table 4. Relative growth of decay fungi in agar containing sodium pentachlorophenol. 
The growth in pure malt agar=100. 


| per cent sodium pentachlorophenol 


| 
Fungus = 3 | 
0.002 0.001 | 0.0005 0.0002 | 
| | 
| Coniophora-puleana ........:.:1....! = = — | 67 | 
Komesapinicolase nn. race — — 28 | 64 
HBerstunnswlepIdense zen een — — + | 32 | 
Merulius laerymans nennen. | = = 10 | 39 | 
Polmorussbalsameuse rasen pl | 41 59 83 | 
POEL Cg QlbDIpellICIAA Eee Ce. | — a 4 70 | 
DEC S LCDÉL EU er ee Al — — + 29 | 
» D'ADOT TUE ee ee nc care | = = = | 52 
De M CULUL Mew enna rea: Se | — = 17 45 


Table 5. The growth of blueing fungi, moulds, and yeasts in agar containing y-thujaplicin. 


| per cent y-thujaplicin 
Fungus = — —— : control 
0.02 0.01 | 0.005 | 0.002 | -0.001 

[ | | 
Cladosporium herbarum... | — | (+) + — ++ | ng 
Ophiostoma piceae ......... | = | = == on — ++ 
» Due ee eee | = aL Sais) an + = Den 
| Phialophora fastigiata … = — + + ne ++ 
ı Phoma lignieola \...... A — | — + — = ++ 
Puliularia pullulans ,..... | — = = (=) + t+ 
| Penicillium janthogenum 1 — = av = ++ PT 
| Rhodotorula glutinis ...... I (+) 2 a sae ++ 
: Torulopsis pulcherrima ... | — — + nie ie 
| Bacillus subtilis © .....2...... | — | — + + +- ae 


— no growth 

(+) very little growth 

+ moderate growth 
++ good growth 
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about 10 times more effective than pinosylvin, the most effective substance 
in pine heartwood (Rennerfelt 1943, 1945). 

Thujaplicin is practically as effective as sodium pentachlorophenol (Table 
4), a synthetic product which has become widely used as an effective fungi- 
cide against decay and blueing fungi on timber. 


2. The effect upon blueing fungi 


The effect of thujaplicin has also been tested upon blueing fungi. These 
experiments have been carried out partly by means of a modified Petri dish 
method in cardboard boxes treated with paraffin wax, and partly by using 
the agar diffusion method. 

In the experiments with cardboard boxes, these were inoculated with 
1 ml of a spore suspension containing 1 million spores per ml. Then 10 ml 
malt extract agar containing the substance to be tested was added by means 
of a pipette. The boxes were kept in a thermostat at 22° C, and after three 
and five days respectively, the rate of growth was examined. Apart from 
the blueing fungi, representatives of some other groups of fungi were also 
chosen for these experiments, viz. Penicillium janthogenum among the moulds 
and Rhodotorula glutinis and Torulopsis pulcherrima among the yeast-like 
fungi. Bacillus subtilis has similarly been tested. Comparative experiments 
were carriad out between y-thujaplicin, phenol, and sodium pentachloro- 
phenol. The results of these experiments are summarized in Tables 5—7. 

It is obvious that y-thujaplicin also exerts a strong toxic effect against the 
blueing fungi. Complete inhibition of growth was achieved in a solution of 
0.01—0.02 per cent (=100—200 p.p.m.), but considerable inhibition can 
also be observed in a solution of 0.002—0.005 per cent, and even in a :solu- 
tion of 0.001 per cent, some fungi have not been able to grow as well as on 
pure malt extract agar. 

The growth of all blueing fungi ceased entirely in a solution of 0.1 per 
cent of phenol, while Rhodotorula glutinis, Torulopsis pulcherrima, and 
Bacillus subtilis require a percentage of 0.2 phenol. Thujaplicin is therefore 
approximately 10 times more effective against these fungi than phenol. 

Sodium pentachlorphenol inhibits the growth of these fungi in a con- 
centration of 0.002—0.005 per cent and has in this respect on an average 
considerably stronger effect than thujaplicin, having about 50—100 times 
more effect than phenol. 

Small amounts of «- and ß-thujapliein have also been isolated in the pure 
condition. These compounds were therefore tested together with y-thuja- 
plicin and sodium pentachlorophenol in accordance with the agar diffusion 
method. The experiments were carried out with Pullularia pullulans, which, 
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Table 6. The growth of blueing fungi, moulds, and yeasts in agar containing phenol. 


a 


per cent phenol 
Fungus control 
0.2 0.1 0.05 0.02 | 0.01 

Cladosporium herbarum... — —- (+) ++ +4 ++ 
Ophiostoma piceae ......... = — ++ ——- 4 ++ 
x Pine eee — — soe ++ ++ ++ 
Phialophora fastigiata — — + + ++ ++ 
Phomawlignicola ="... zZ En + + ++ IE 
Pullularia pullulans ...... — — — ++ ++ ++ 
Penicillium janthogenum — — — ++ ++ ++ 
Rhodotorula glutinis ..… — (+) + + ++ sue 
Torulopsis pulcherrima ... _ ae + == Jose ft 
Baeillussublilisuerse.... — (+ + ++ ++ ++ 


Table 7. The growth of blueing fungi, moulds, and yeasts in agar containing 
sodium pentachlorophenol. 


Fungus 


Cladosporium herbarum.................- 
Ophiostoma piceae 

» pini 
Phialophora fastigiata 
Phoma lignicola 
Pullularia pullulans 
Penicillium janthogenum...............- 
Rhodotorula glutinis 
Torulopsis pulcherrima 
Bacillus subtilis 


per cent sobium pentachlorophenol 


control | 


0.002 


0.005 0.001 | 0.0005 
Tae ae ay) OE 
= un fe 
= Te En I 
— = + on 
= = = ++ 
= = Si 1 
-- — +- — 
= = =e arg 


a 
+ 


Table 8. Effect of «-. B-, and y-thujaplicin against Pullularia pullulans by the agar diffusion 
method. Diameter in mm of inhibition zone after three days at 22° C. 


Thujaplicin Sodium penta- | 
Per cent. ee ee = Be : (oa ; | chlorophenol | 
| | | 
| 

0.02 47 49.5 49 | 47 | 

0.01 31 41 42 | 38.5 
0.005 19 33 31.5 | 31 | 
0.002 — 21 1275 | 19 | 

0.001 — 13.5 _ | 11 
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Fig. 2. Diameter of total inhibition zone of Pullularia pullulans in experiments according 
to the agar diffusion method. Results after five days at 22° C. 


as can be seen in Table 5, is very susceptible to thujaplicin. The three 
isomeric compounds have an effect of the same magnitude, but the inhibiting 
effect is greatest in G-thujaplicin and least in g-thujaplicin (Table 8). 

An area can be seen on the agar plates where growth is entirely checked, 
and outside this area is a zone where the germination of spores was not 
checked, but the pigment formation was reduced. The area of total inhibition 
was somewhat smaller in the case of sodium pentachlorophenol than for all 
the thujaplicin-isomers (fig. 2). If the zone where pigment formation is 
lacking is included in the inhibition area, ß-thujaplicin and sodium penta- 
chlorophenol are almost equally effective (Table 8). 

One question of great interest is whether the toxic effect of thujaplicin 
is fungicidal or fungistatic. Definite results as regards this question have not 
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yet been obtained, owing to shortage of the substance. Some introductory 
research, however, seems to indicate that the compounds are to be con- 
sidered as fungicides. A spore suspension of Pullularia pullulans, containing 
one million spores per ml, was prepared in a solution of 0.02 per cent 
y-thujaplicin. At varying intervals of time, samples of the suspension were 
taken, and after suitable dilution, transferred to malt extract agar. According 
to the calculations, approximately 500 colonies were expected to grow in 
each dish. A similar experiment was arranged with a solution of 0.02 per 
cent sodium pentachlorophenol. The results of these experiments are sum- 
marized in the following table: 


y-thujaplicin: after 1 hour’s treatment=the number in the control dishes. 


ae » =9 %/o of the number in the control 
dishes. 

a De » =0 colonies. 

» 24 » » —() » 


Sodium pentachlorophenol: after 1 hour’s treatment —0 colonies. 


This experiment indicates that thujaplicin in a solution of 0.02 per cent 
has the power to kill the spores of the fungi in a relatively short time, though 
not so rapidly as sodium pentachlorophenol. 


Summary 


From heartwood of Western Red Cedar (Thuja plicata D. Don.) Erdtman 
and collaborators have isolated three isomeric compounds, «-, ß-, and y-thuja- 
plicin, with the empiric formula C;,H,,0,. These compounds have a strong 
fungicidal effect upon blueing and decay fungi in malt extract agar. 

Decay fungi are inhibited in concentrations between 0.001 and 0.002 per 
cent y-thujaplicin (10—20 p.p.m.). Phenol, tested in the same way, inhibits 
the decay fungi in 0.1—0.2 per cent concentrations. 

Blueing fungi are completely inhibited in a solution of 0.01—0.02 per cent, 
and considerable inhibition can be observed in a solution of 0.002—0.005 
per cent y-thujapliein. The growth of the blueing fungi ceased in agar, 
containing 0.1 per cent phenol. 

Of the isomeric compounds tested according to the agar diffusion method 
ß-thujapliein is most toxic, and y-thujaplicin is some more toxic than a-thuja- 
plicin. Thujapliein is about as active as sodium pentachlorophenol. 


The work has been carried out with aid by a grant from Statens Tekniska Forskningsräd. 
The thujaplicin compounds have been delivered by professor H. Erdtman, Royal Institute 


of Technology, Stockholm. | 
For assistance with the cultivation of the fungi I am indebted to miss V. Edborg. 
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Introduction 


The formation of mould on fermented tobacco leaves has often been 
observed in Denmark. Attacks have been particularly severe on graded and 
baled tobacco placed in drying rooms. Probably the fermented tobacco, on 
being packed, contained sufficient water to permit unavoidable air infections 
to develop under the favorable thermal conditions offered the mould spores 
during part of the drying process. In the workrooms large numbers of mould 
spores were found by sampling the air by means of exposures of Petri dishes 
with malt extract agar. In other cases mould colonies were found on the 
outside of the containers in which the loosely suspended tobacco was 
fermented in the steam boxes. 

It seemed desirable to investigate the temperature at which the different 
tobacco mould fungi could be destroyed. In the first place, such an investiga- 
tion might make it possible to explain the reason for the occurrence of fungi 
on the fermented tobacco and, in the second place, it might then become 
possible to combat rationally or prevent such injurious attacks. 

Various statements of the death temperatures of mould fungi are found 
in literature. According to Ullschek, Penicillium is destroyed by protracted 
heating to 37° C. Wallace & Tanner state that the spores of Rhizopus nigri- 
cans, Mucor racemosus, Penicillium brevicaule, and Alternaria solani are 
destroyed even at 60° C in 5 minutes. Aspergillus and Oidium lactis showed 
somewhat greater resistance since they were only destroyed after 15 and 30 
minutes’ stay, respectively, at 60° C. Thom and Ayers found that the spores 
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of Mucor racemosus, Rhizopus nigricans, and Penicillium sp. were destroyed 
by 30 minutes’ heating to 54,4°, while Aspergillus flavus and Asp. repens 
were only destroyed at 62,8°, and Asp. fumigatus at 65,6° C. (Ullschek, 
Wallace & Tanner, and Thom & Ayers cited from Löhnis, 2 p. 638). 

Among the researches of other workers it may be mentioned that Melin (3), 
for the cultivation of mycorrhiza fungi, employed a substratum on which 
he first cultivated Saccharomyces cerevisiae, Bacillus radicicola, and Tricho- 
derma lignorum which he subsequently destroyed by heating to 48° C for 
48 hours in a moist atmosphere. 

Gabrielsen (1) found that conidia of Trichophyton interdigitale were 
destroyed at 53 in ten minutes, while young mycelium necessitated 56 
and older mycelium 57° C. In a dried condition the mycelium could sustain 
heating up to 85° C for 10 minutes. 


Experiments and Results 


To form a clear picture of the amount of heat necessary for destroying 
mould fungi, it is imperative to make experiments, 1) at varying temperatures 
as well as, 2) at varying times of exposure. In addition, in such experiments 
due regard should be paid to, 3) the degree of moisture of the material and, 
as far as possible, 4) distinction should be made between experiments with 
vegetative mycelium alone and with spores. 

The mould fungi used in the experiments were isolated from fermented 
tobacco. A species of Penicillium was isolated which was identified, by 
»Centraalbureau voor Schimmelcultures» at Baarn, as Penicillium commune. 
Further, a Botrytis sp. was isolated from the mould-infected tobacco, and 
was identified as Botrytis cinerea by Professor N. F. Buchwald, Copen- 
hagen. In addition to these two tobacco moulds a culture of the asporogenous 
Sclerotinia sclerotiorum, kindly submitted to me by Professor Buchwald, 
was used for the purpose of comparison. 

Both air and water thermostats were employed as sources of heat. All 
temperatures were measured in centigrades. 

In a preliminary experiment circular discs of tobacco leaves (about 10 cm 
in diameter) were used, in order to approach as nearly as possible to the 
natural conditions under which the formation of mould occurs on tobacco. 
The dises were placed in Petri dishes and, after autoclaving, were inoculated 
from pure cultures. Some difficulty was occasioned in obtaining continued 
growth of fungi on the tobacco leaves. Only by keeping the Petri dishes 
very moist could it be accomplished. The dishes containing the moistened, 
autoclaved, and inoculated tobacco were placed in incubators and held at 
different temperatures. Each day a dish was removed to permit observation 
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Table 1. Penicillium commune on moist tobacco. + indicates living fungi, — means no life. 


SS 


Stay in incubator © ° = : 
(hours) 36 46 55° 63° 6921 


24 +- — 
48 de & = 
72 am ai DI 
96 = = | 

120 + — 


of the extent of growth. For the purpose of maintaining a constant degree 
of moisture in the Petri dishes the space between the inner and outer dishes 
was filled with paraffin. In the experiments with higher temperatures (55, 
63, and 69°) the paraffin would have melted, therefore the Petri dishes, in 
these experiments, were placed in a large exsiccator with an ample quantity 
of water at the bottom. The results of these experiments may be seen in 
Table 1. 

Penicillium commune growing on moist tobacco was destroyed in the course 
of 24 hours by heating to 55°, in the course of 120 hours at 46°, whereas 
36° did not kill the mould even after 144 hours. As a result, it may be 
assumed that Penicillium (and probably other similar mould fungi able to 
grow on moist tobacco leaves) will be destroyed in the central portions of a 
fermenting tobacco bulk, where the temperature, as a rule, rises to about 
60° C. 

In the succeeding experiment the spores of Penicillium commune, without 
mycelium, were exposed to high temperatures. At the beginning of the experi- 
ment the spores were fresh, i.e., they had a normal moisture content. How- 
ever, they were very soon desiccated, owing to the arrangement of the experi- 
ment, so that the experiment most properly may be said to have been made 
with dried spores. The spores were obtained by brushing small pieces of 
cotton-wool very lightly over the surface of older, green cultures of Penicil- 
lium. These small pieces of cotton were then put into sterilized Petri dishes 
which were placed in an incubator. Each day a Petri dish was removed and 
its piece of cotton transferred to a Petri dish containing sterile malt extract 
agar. It was found that exposure to temperatures from 44 to 63° for up to 
144 hours did not affect the spores. 

Since the dry spores in this experiment were not destroyed at all, it was 
necessary to investigate the reactions of the spores at still higher temperatures, 
viz: up to 100°. To obtain the requisite indication of temperature a small 
piece of Rose’s metal (with melting point at 100° C) was placed in each Petri 
dish. The fact was established that such a piece of Rose’s metal took 
30 minutes to melt after the glass box was inserted in the incubator (the 
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Table 2. Dry spores of Penicillium commune, heated to 100° C and subsequently inoculated 
upon malt extract agar. The number of plusses indicate the degree of growth. 


Observation Duration of treatment (minutes) 


afcer hours 


Momentary] 10 ee 
96 | nn | (+) | = | | = 4 
144 ++ | + | ++ + CE NE 


latter having been cooled during the opening of the door whenever a new 
box was inserted). The required number ‘of glass boxes, each containing a 
piece of infected cotton-wool and a piece of Rose’s metal, were placed on a 
glass plate on which they were pushed into the incubator. After 30 minutes 
box No. 1, which may be supposed to have just reached 100°, was removed 
and subsequently the remaining boxes were removed after 10, 20, 30, 60, 
and 120 minutes, respectively. The result will be seen in Table 2. 

From the experiments it clearly appears 1) that dry spores of Penicillium 
commune are not destroyed at temperatures up to 63°, even after a stay at 
this temperature of up to 144 hours, 2) that heating until the 100° mark 
had just been reached did not harm the spores, 3) that heating to 100° for 
more than 10 minutes »weakened» the spores considerably, 4) that most, 
though not all, of the spores are destroyed by heating to 100° for 60 minutes 
(the individual resistance of the spores varies sufficiently so that a few spores 
survived this dose of heat), and 5) all spores are destroyed by 120 minutes’ 
heating to 100°. 

In the following experiments another, and better, method was employed. 
The cotton wool pieces with the Penicillium spores were placed at the bottom 
of sterile test tubes, whereupon the cotton plugs, with which the tubes were 
closed, were pushed far into the tubes so as to rest just above the level where 
the spore-infected cotton-wool lay. The tubes were then placed in a rack 
which was immersed in a water bath at 100°. The temperature of the water 
bath consequently dropped and it required about 10 minutes to re-attain 
the boiling-point. The temperature inside the tubes was checked by means 
of a control test tube containing a thermometer. At suitable intervals a tube 
was taken out. They were cut in two with a diamond at the exact level 
where the pushed-down cotton plug rested and the pieces of cotton-wool, 
infected with spores, were transferred aseptically to a Petri dish containing 
malt extract agar. By this method the entire portion of the test tubes below 
Ihe protecting cotton plugs was, for a certainty, exposed to the temperature 
of the water, so that undesired infection from insufficiently heated regions 
was out of the question. 


Six test tubes were used, which were removed after respectively 10 minutes’ 
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Table 3. Spores of Penicillium commune, heated to 160° C in a dry, or a moist condition, 
and subsequently inoculated upon malt extract agar. Observations after 120 hours. 
a EI eS 


| Duration of i 
retenir) uration ef treatment (minutes) 
| Momentary- 10 | _20 7 | 60 
in test tubes without CaCl, = | = | == | = | 3 
| in small glass boxes............ -{- | + SE = = 
| in test tubes with CaCl, ...... a + {= = 


heating at 70 to 98°, after 14 minutes’ heating at 70 to 99°, 10 minutes at 
99°, 30 minutes at 99°, 60 minutes, and 120 minutes at 99°. 

Every one of the six spore-infected cotton pieces was inoculated on malt 
extract agar but, even after 120 hours incubation, none of them showed 
growth. The experiment was repeated with precisely the same result. Even 
the dose of heat to which the spore-infected cotton piece had been exposed 
in the first test tube, where the temperature had risen in the course of 
10 minutes to 99.7°, had been sufficient to destroy the spores. Thus, in these 
experiments, where the spores were heated in closed test tubes, the resistance 
was appreciably less than in the previous experiments, where the spores 
were placed in small glass boxes. 

The reason for this difference was assumed to lie in the different degrees 
of moisture which must be supposed to have been present inside the closed 
test tubes and in the less tightly closed glass boxes. To find a safe and 
decisive answer to this question, a comparative experiment was conducted 
between 1) infected cotton pieces in glass boxes, 2) in test tubes, and 3) in 
test tubes at the bottom of which small pieces of CaCl, were placed prior 
to the dry-sterilization. The result appears from Table 3. 

By this comparative experiment the above-mentioned assumption was con- 
firmed, viz: that the different resistance of the spores, according as they were 
heated in small glass boxes or in closed test tubes, is due to the different 
degrees of moisture in the said two receptacles. In the test tubes containing 
no CaCl,, where consequently the air is not artificially dried, the resistance 
of the spores is small; they were destroyed even by mere heating to 100°, 
whereas the spores in the test tubes containing CaCl., and in the small glass 
boxes, the air of which will be very quickly dried up by the insertion in the 
incubator, were far more resistant; they were only destroyed at 30 to 60 
minutes’ stay at 100°. 

For the experiment described in Table 1 discs of tobacco leaves were used, 
which were inoculated from cultures of PenYcillium commune. In the sub- 
sequent experiment small bits of tobacco leaves were used, which were 
naturally infected with mould. From these leaves a Penicillium sp. as well 
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Table 4. Strips of tobacco leaves, infected naturally with mould, heated to the indicated 
temperatures, and subsequently placed on malt extract agar. Observations after 576 hours. 
RE 


| Heated just Time after the control thermometer has 
Treatment Exposed to To desrel reached the desired temperature (minutes) 
temperature 10 20 30 | 60 
Not dried 60° — a = = | Ks 
over CaCl, 80° — — = = ez 
Dried over 60° — + en = 4 
CaCl, 80° ua = = = er 


as Botrytis cinerea were isolated. The mould-infected strips of tobacco were 
placed in small test tubes as in the previous experiment, some with, and 
some without, CaCl, at the bottom. The result will be seen in Table 4. 

It appears from the table that the moulds which are present on fermented 
tobacco leaves (in this case Penicillium sp. and Botrytis cinerea), if not arti- 
ficially dried, are destroyed even during the slıort time it takes to heat the 
test tubes to 60°. If, on the’other hand, the tobacco leaves are first artificially 
dried over CaCl,, the moulds living on the leaves are considerably more 
resistant, having in the present experiments sustained heating-to 60° for 
20 minutes, but being destroyed by 30 minutes at 60°. Heating to 80° for 
10 minutes could not be sustained by the moulds, but the brief heating 
(5 minutes), which was required in order to heat the test tubes to the 80° 
mark, was not lethal. 

In addition to studies on tobacco leaves infected naturally with moulds 
and with spores from Penicillium cultures, the thermal death points were 
also investigated for Botrytis cinerea which was isolated from a bundle of 
infected tobacco. In contradistinction to Penicillium this mould, cultivated 
in Petri dishes on malt extract agar, can grow even to the rims of the dishes 
without any noticeable formation of spores. Only when the cultures have 
attained a certain age, spore formation will be found in the periphery of the 
dishes. This situation permitted the investigation of the reactions of the 
mycelium and the spores separately. Results exactly corresponding to those 
found for Penicillium were also found for Botrytis, viz: that desiccation 
highly increases the thermoresistance. And in the experiments with Botrytis 
it turned out that this finding also holds for the asporogenous mycelium, 
i.e., not only for the spores alone. The results of the experiments are found 
in Table 5, from which it appears that the non-desiccated mycelium, without 
spores, nae destroyed even by the brief heating to 50°, or by 10 minutes’ 
stay at 40 : Dried ser CaCl, the Botrytis mycelium was only destroyed by 
30 minutes’ stay at 60 . 
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Table 5. Experiments with Botrytis cinerea with and without spores. 
TE ee 


> q | Heated just Time after the control thermometer has 

Treatment of fungi a to desired |reached the desired temperature (minutes) 
FCTOPEEStAre! 09 20 30 45 60 

oo a 
Asporogenous mycelium, 40° + — — = = 
not dried over CaCl, 50° = == = = = = 

© a the [ee 
Asporogenous ae oe ag = ar de Æ 
dried over CaCl, | 60° ze ae < Le er = 
Mycelium with spores, 40° =F Er +2 ar iR de 
not dried over CaCl, 50° = = = == ce 
= n° ! 

Mycelium with spores, ne de + ab i af + 
dried over CaCl, 80° ns hast = a Ar a 


The spores of Botrytis are considerably mere resistant than the Botrytis 
mycelium, though they are not so resistant as the spores of Penicillium. Non- 
desiccated spores of Botrytis were destroyed by the brief heating to 50°, but 
could sustain 60 minutes at 40°. Dried over CaCl,, on the other hand, they 
were only destroyed by being heated to 80°, and could sustain 60 minutes 
at 60°. 

The experiments referred so far involved exposures to high temperatures 
for fairly brief periods of time. It is also of interest to extend the experiments 
by observations of the action of comparatively low temperatures for a longer 
time. For this purpose, however, the methods employed so far were not 
satisfactory, since the water bath used could not remain for several days 
at constant temperature without attention. Fortunately, for these experi- 
ments some excellent incubators were placed at my disposal by Professor 
Buchwald at the Laboratory of Plant Pathology ot the Royal Veterinary and 
Agricultural College. The arrangement of the experiments was much the 
same as previously: Small agar blocks, cut out from pure cultures, were 
placed in narrow test tubes, half of which number, prior to the dry steriliza- 
tion, had been provided with some small pieces of CaCl,. The rest of the 
tubes, in which the material was to be exposed in a moist condition, were 
provided each with a piece of moistened cotton at the bottom and closed 
with a paraffin-saturated ccttor plug. In this way the small pieces of cultures 
were kept sufficiently moist during the whole of the experiment. The result 
is seen in Table 6. 

It appears that the spores of Penicillium as well as those of Botrytis were 
destroyed after only 24 hours’ stay at 50°, provided they were not dried over 
CaCl,. This result conforms to that stated in Table 5. If, on the other hand, 
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Table 6. Experiments with Penicillium spores and spore-bearing Botrytis held for a long 
duration at elevated temperatures, and subsequently inoculated upon malt extract agar. 


ER 
o |£+el 
SS ae Hours exposed to elevated temperature 
Treatment 3 =D S| 
of fungi ch 2 Sen! 
a 38! | 
A 28% 24 to 48/72 to 96 120 to 1681192 to 216 240 to 2881288 to 336 
ger 40 
| i | | 
Penicillium, not ane Ta opens = > a 
dried over na | 
Botrytis, not dried © er Et es 2: | Be = 
over CaCl, se ee 
Penicillium, dried| | - = ER | N 
over CaCl, } ji 12 F | Baa a ate = 
Botrytis, dried 50° | 72 a a — ._ — — > 
over CaCl, 216 + a ee. + + + 
Penicillium, dried | go 72 + — — — == = 
over CaCl, 192 _ + = =: == == 
Botrytis, dried a 5 db ps ge hs > ae 
over CaCl, \ 6e N 


the spores were dried over CaCL,, the Penicillium spores remained alive even 
after 288 hours’ at 50°, and had already germinated when 72 hours had 
elapsed after inoculation. The dried spores of Botrytis likewise were not 
destroyed by these thermal doses, though they had »suffered» a good deal 
from the heating, for, after 24 to 120 hours’ treatment, they were germinated 
afier 72 hours on malt extract agar, but after 192 to 288 hours’ heat treatment 
they were only germinated after 216 hours. 

On exposure to 60° the differences between the spores of Penicillium and 
those of Botrytis appeared still more pronounced. After even 192 hours’ 
inoculation upon malt extract agar none of the Botrytis spores had ger- 
minated. They may therefore be considered as destroyed. The Penicillium 
spores, which had only been exposed to 60° for 48 hours, had already ger- 
minated after 72 hours on the substrate, and all of them, even if they had 
been exposed to 60° for up to 336 hours, had germinated after 192 hours. 
Thus the spores of Penicillium were weakened but not completely destroyed 
after 336 hours at 60°. 

In Table 5 were stated the results of experiments with Botrytis. From these 
it appeared that the mycelium, without spores, displayed the same difference 
in thermoresistance depending on whether or not it was dried over CaCl, 
as did the spore-bearing mycelium of Botrytis and that of Penicillium. 
This experiment was extended by a series of experiments, in which the 
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Table 7. Experiments with mycelium of Sclerotinia sclerotiorum in a moist and in a dried 


condition. 
| Hours from in- ee |Time after the control thermo- 
Exposed | oculation upon ust heated Imeter has reached the desired 
Treatment to _|malt extract ae mi nn temperature (minutes) 
till observation | ‘©™Perature 10 20 30 45 60 
o 120 — — en 2 2 = 
Mycelium not ae ES + = = = nn en 
dried over CaCl, 50° 120 — RER NE PT EE 
264 — = 
Mycelium dried 648 +- -- + + = + 
over CaCl, 50° 144 — = = = + ce 
618 — = + me 


completely asporogenous mycelium of Sclerotinia sclerotiorum was employed. 
The result of these experiments are seen in Table 7. 

The asporogeneous mycelium of Sclerotinia shows the same difference 
between the dried and non-dried condition as did the sporebearing cultures 
of Penicillium and Botrytis. The non-dried mycelium could just sustain 
heating for 5 minutes to 40°, but a further 10 minutes’ stay at this tempera- 
ture destroyed the mycelium, and 50° even destroyed the mycelium in the 
5 minutes it took to heat the test tubes to that temperature. 

The mycelium which was dried over CaCl, displayed a considerably greater, 
but somewhat irregular, resistance to heating. While 60 minutes’ stay at 
40° and 45 minutes at 50° had not destroyed the pieces of mycelium which 
were exposed to these thermal doses, there were, both at 40° and at 50°, 
several experimental tubes in which the organism had been destroyed and 
some others in which it had been weakened, for they had not shown growth 
even after 144 hours had elapsed, but only after a longer incubation. 


Conclusions 


1. There is a considerable difference in the thermoresistance of certain 
fungi according as to whether the organisms are first dried over CaCl,, or 
they are exposed to heat in a fresh, non-dried condition. This is true for 
spores (of Penicillium and Botrytis) as well as for the mycelium (of Botrytis 
and Sclerotinia). 

2. Penicillium spores in a moist condition are destroyed by the mere 
heating to 100° C, and by 24 hours’ stay at 50°. 

Penicillium spores, dried over CaCl,, are not destroyed by the mere heating 
to 100° C (in the course of 30 minutes). A continued stay at 100° for 10 
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minutes has weakened but not destroyed them and 60 minutes’ stay has 
destroyed the majority but not all of the spores. Only 120 minutes at 100° 
have destroyed all the spores. 

Botrytis, spore-bearing mycelium in a moist condition was destroyed by 
brief heating to 50° C, but could sustain 60 minutes at 40°. 

Botrytis, spore-bearing mycelium, dried over CaCl,, sustained 60° C for 
60 minutes, and was only destroyed by brief heating to 80°. 

Botrytis mycelium, without spores, in a moist condition, was destroyed 
even by brief heating to 40° C. 

Botrytis mycelium, without spores, dried over CaCl, was only destroyed 
by 30 minutes’ stay at 60° C. 

Sclerotinia mycelium, asporogenous, in a moist condition, was destroyed 
by brief heating to 50° C and by 10 minutes’ stay at 40°. 

Sclerotinia mycelium, asporogenous, dried over CaCl,, could in some cases 
sustain a 60 minutes’ stay at 50° C, though in some of the tubes the organisms 
were destroyed by 10 minutes at 40°. Thus, the individual differences between 
the pieces of mycelium employed were fairly considerable, but the dried 
mycelium of Sclerotinia sustained the heating much better than did the 
non-dried. 

3. Mould fungi living on fermented tobacco are, in the present experi- 
ments, destroyed by 24 hours’ stay at 55° C, and by 120 hours at 46°. Since 
the temperature in the middle of fermenting tobacco bulks, as a rule, reaches 
60° C, and since all bundles, by proper re-making, will get into the middle 
of the bulks, it must be assumed that all mould will have béen destroyed 
on the opening of the bulks. Should the leaves get mouldy after fermentation, 
they must either have been imperfectly fermented or originate from the 
outsides of the bulks which, on re-making were not brought into the middle 
or, what is more likely, the bundles of tobacco were infected after removal 
from the fermentation bulks. However, such infection may probably in 
practice be destroyed by brief heating in a steam-tight room to 60° C after 
the bundles have been packed in bales. 


These investigations have been made as part of the work instituted by the Tobacco 
Committee of the Academy for Technical Science, Copenhagen. The author wishes to 
express his gratitude to Professor N. F. Buchwald and to Professor D. Müller and the 
staff of the Plant Physiology Laboratory for valuable help received during the work. 
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Introduction 


Boysen Jensen’s method for quantitative determination of growth sub- 
stances is based upon a transfer of the substance in question to thin agar 
plates, from which small blocks are cut and placed unilaterally on decapitated 
Avena coleoptiles. The magnitude of the curvatures produced, numerically 
represented by the difference in lengths between the convex and concave 
sides of the coleoptile (d), is proportional to the content of growth substance 
in the agar blocks. As a rule several batches of plants (8 to 12 in each) are 
used for a determination, and the mean value of the individual d values is 
recorded as an expression for the concentration of growth substance (Boysen 
Jensen, 2, 3, 4; Poul Larsen, 8). 

The Avena coleoptiles are extremely sensitive, even to very small quan- 
tities of growth substance, and the growth of the coleoptiles is further 
greatly influenced by the external conditions under which the tests are 
carried out. Consequently the method is very delicate to handle, and the 
results often vary from test to test, even when identical amounts of growth 
substance is used. Rather great variations have been observed by Went & 
Thimann (12), Link, Eggers & Moulton (9), and Judkins (6). Judkins 
emphasizes that, »The criticism of the Avena test is based on its variability 
and not on a lack of sensitivity». On the other hand Juel (7), Goodwin (5), 
and Poul Larsen (8) succeeded in finding d values from repeated tests which 
only deviated within the chance variation. 
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Although the responsiveness of the individual coleoptiles is supposed to 
differ (Nielsen, 10), the sensitivity within each Avena variety is generally 
regarded as constant, or nearly constant. However, when the reaction of 
different varieties, e.g., Victory oats and Yellow Næsgaard, is compared, 
greater diversities are found (Boysen Jensen, 3). This strongly suggests that 
the coleoptile sensitivity is influenced by genetic factors. 

Since the varieties of oats should be regarded as pure strains, application 
of test plants from one and the same variety should exclude all possibilities 
for errors other than those resulting from, the experimental conditions. In 
particular, one should expect the coleoptiles from the same batch to yield 
values with very slight variation. However, in the course of his work the 
author has often observed marked differences in the degree of curvature 
within one and the same batch of Victory oats coleoptiles. Since improve- 
ment of the technique could not diminish these differences, it was assumed’ 
that the variation possibly was caused by genetic heterogeneity in the material 
used. In order to verify this assumption some preliminary experiments were 
carried out. This paper deals with the results of these investigations. 


Experiments and results 


During the spring of 1945 the sensitivity of 565 Victory oats coleoptiles 
(divided into 30 batches containing from 12 to 28 specimens each) was 
tested by means of Boysen Jensen’s method. The test plants were all raised 
from large kernels selected from a stock of guaranteed purity, bought at 
the same firm which for many years has supplied the Victory oats to the 
laboratory of Plant Physiology at the University of Copenhagen. Each of 
the agar blocks contained 2.4.10° ug (6 ug per 100 ml agar solution) 
indole-3-acetic acid. Since it was intented to make subsequent use of the 
materıal for progeny studies, the curvatures were measured without taking 
the plants out of the vials in which they had been cultivated. Measurements 
on 58 coleoptiles, both in situ and after the plants had been removed from 
the vials, showed that this change from the ordinary procedure did not lead 
to systematic errors. 34 of the coleoptiles yielded quite the same d value 
in both cases; in the remainder, small casual differences, positive as well as 
negative, were observed, but these were in no case greater than the variations 
found for d values when the ordinary measuring technique was applied. 

From each of the batches, the plants with the smallest degree of curva- 
ture were segregated in one group (A), those with the greatest in another (C), 
whereas plants with a d value corresponding to the mean value of the batch 
were taken into a third group (B). Fig. 1 shows the principle used in the 
segregation. In the period April 20th to June 6th all the different plants 
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Fig. 1. Selection scheme. The horisontal lines indicate the range of the d values for the 
coleoptiles, which were selected from 30 batches, grouped in three main groups A, B, and C, 
and used for progeny studies. M is the mean value and co the standard deviation. 
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o= Ve where a is the deviations from the mean value and n the number of examined 
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coleoptiles. 


were, at intervals, planted in one of three main groups A, B and C, no 
further distinction being made between the plants coming from the individual 
batches. About half the original number of test plants were selected in 
this way: 


Group Number of plants Per cent of total material 
Beet. ee. ae 89 16 
Balboa tree er of à 114 20 
DE nl el. of 86 15 


The purpose of this method of assortment was to provide a material, 
sufficiently large to allow an accurate investigation of the sensitivity in the 
progeny within one year. More striking results could have been expected by 
selection of single specimens and cultivation of pure lines from these. How- 
ever, this procedure was more complicated; it would have taken several 
years to provide sufficient material, and, if the suspicion about the genetic 
heterogeneity of the Victory oats had happened to be wrong, much more 
work would have been done in vain. 

Cursory examinations from time to time during the summer did not reveal 
any morphological diversities between the three groups of oat plants. 
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In the autumn of 1945 a reasonably large number of oat grains was 
reaped, even though the harvest was not so rich as expected, owing to the 
late planting, and to attacks of various parasites. 

In testing the progeny the main principle was to raise batches of plants 
from all three groups simultaneously, thus making the external experimental 
conditions as uniform as possible. The batches contained 8 to 22 plants 
each. When in a given series, the three batches were fit for experiment, agar 
blocks containing identical amounts of indole-3-acetic acid were applied. In 
about half of the total number of series the plants were treated with known 
concentrations of growth substance (from 3.6 to 8.9 ug per 100 ml agar 
solution, see Table 1). In all the other series it was necessary to use older 
agar preparations in which some unknown diminishing of the initial growth 
substance concentration had taken place. The entire material comprised: 


Progeny Number of batches Number of plants 
Ar. re 34 337 
OR ee eh teens 33 323 
CHP, AP, PONS ER 23 229 


Owing to lack of material and to unsuccessful experiments, in which one 
ot the batches had to be discarded for different reasons (heavy guttation, 
initially curved coleoptiles), all three groups were tested together in only. 19 
cases. In 11 cases A were compared only with B, and in 4 cases only with C. 
Three experiments were carried out with B progeny alone. The results are 
compiled in Table 1. 

In all experiments, irrespective of the growth substance concentration 
used, the lowest mean d values for the batches were obtained with coleoptiles 
from the A progeny; in the same manner, the highest d values were found 
for the progeny of group C. The values of the B progeny were between those 
of the other two groups, though nearer to the C values. Only in one series 
(No. 21) did the B progeny show a mean value higher than the corresponding 
value from the C batch, and the value was only slightly higher. 

Relative values for the sensitivity of the coleoptiles from the three groups 
were calculated using the B values as unity. The results from 17 complete 
series with A, B, and C progeny, omitting those with the highest degree of 
curvature, gave the figures: 


Progeny Relative mean value Mean error 
Mc LÉ eae 84.8 + 2.4 
BEN ee ee 100 


oe ea ee ee 112.0 29 


20 


LAB 


1 Calculated from m = +) 
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Table 1. d-values of the progeny. 
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Another comparison of the results was made by means of a curve showing 
the dependency of d values on indole-3-acetic acid concentration, previously 


determined by the author by means of a great material of Victory oats: 


coleoptiles (43 batches with a total of 564 plants). It was found that the d 
values for B coleoptiles, attained with known growth substance concentra- 
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Fig. 2. Sensitivity curves for A, B, and C coleoptiles. 


tions, fitted fairly well with this curve. The curve is reproduced in Fig. 2 
(curve B). The A curve of the same figure was plotted by means of the 
actual differences between the average d values for A and B progeny, placing 
the B values on the B curve. The C curve was plotted in a similar manner. 

The sensitivity curve for unassorted Victory oats (curve B) differs a little 
from that recorded by Boysen Jensen (4, cf. Poul Larsen 8, Fig. 9); however, 
the deviation is not greater than may be explained by the fact that the 
experiments have been carried out in different laboratories under somewhat 
different conditions. 

The curves in Fig. 2, as well as the relative values for the coleoptile 
sensitivity, clearly show the mutual difference between the progeny of the 
three groups. However, a close examination of the figures in Table 1 seems 
to indicate that only the difference between the A and C progeny is significant. 

This examination was carried out by means of the equation 
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Fig. 3. Range of variation for individual d values with increasing mean values for coleop- 
tile batches. The curves show the highest and the lowest d values found at different 
mean values. 


where M, and M, are the average d values for C and A batches in one and 
the same series, and m. and m, the corresponding mean errors. Calculations 
based on the 21 series with d,: values below 0.8 resulted in F values between 
6.52 and 1.57, the mean value being 3.32 #0.31. Since F values higher than 
3.0 exclude with certainty the possibility of influence: from chance errors, 
it can be concluded that the difference in sensitivity between the progeny 
from the A and C groups is genetically conditioned. Similar calculations 
comparing the progeny of the groups A and B, and of the groups B and C, 
yielded F values lower than 3.0, and genetic diversities between these groups 
could not be confirmed by this method. 

Thus, selection from ordinary material of Victory oats resulted in a definite 
separation of two types, A and C, the sensitivity of which to the influence, 
of growth substance recurs in the progeny. The third type B, the sensitivity 
of which corresponds with that of the unassorted Victory oats, yields a 


18 
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Fig. 4. The distribution of individual d values for unassorted oats and for progeny from 
the B group. Figures from batches showing identical mean values d=0.665. 


progeny with an intermediate sensitivity, but significant differences between 
this type and the other ones could not be observed. 


The Variation of the Individual d Values 


The experimental findings were also used to analyze the distribution of 
the individual d values for each of the examined coleoptile batches. 

Fig. 3 shows the range of variation for the individual d values for different 
mean values of the batches. It is obvious that the ranges increase evenly with 
increasing mean values for all four kind of coleoptiles, but the d values for 
the unassorted oats are more wide-spread than those for the progeny from 
the three segregated groups. The variation ranges for the latter are more or 
less of the same magnitude. 

By means of the selection undertaken it thus has been possible to attain 
an Avena material with a diminished range of variation. This is also 
illustrated by Fig. 4, which shows the distribution of d values for unassorted 
Victory oats and progeny from the B group, in batches having identical 
mean values d=0.665. 


An example of the distribution of the individual values within the progeny 
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Fig. 5. The distribution of individual d values for the progeny from groups A, B, and C.. 
All the coleoptiles are treated with identical concentrations of indole-3-acetic acid (6 pg 
per 100 mi agar solution). 


from the groups A, B, and C is shown in Fig. 5. The coleoptiles are treated 
with the same concentration of indole-3-acetic acid (6 ug per 100 ml agar 
solution). Whereas the individual values of unassorted oats with a mean 
value of 0.665 for d, fluctuate between 0.4 and 0.9, the values are: 


Progeny Mean value Variation range 
AE SN. eee eRe 5 0.570 0.40 to 0.75 
EAP Taie wane. 0.665 0.50 to 0.85 
NEAR Bill 0.695 0.55 to 0.87 


Also here it appears that the A type is actually distinguished from the 
C type; 45 per cent of the A values are lower than the lowest values of the 
C progeny, and 25 per cent of the values from this group are higher than the 
highest A value (Fig. 5): 

These investigations of the individual variance in the batches demonstrate 
clearly the superiority of the segregated types as test objects for determination 
of growth substance. 

An examination of the mean errors was undertaken in all the 30 batches 
of unassorted Victory oats, as well as in the 27 batches of A progeny with 
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d values below 0.800 and in the corresponding batches of B and C progeny. 
The following values were found: 


Unassorted oats: "5.0 rer 0.029 + 0.001 
AÏDÉOLENV OMR. 2... men 0.030 + 0.003 
DBiprogense. NM 20 ee re 0.031 + 0.002 
Ciproseny 7 Menke Ne eee eee 0.033 + 0.003 


These figures may be considered satisfactory as they are lower than those 
given elsewhere. Juel (7) has found a mean error for Yellow Næsgaard 
amounting to 0.053 + 0.003, and Poul Larsen (8) records the mean error in 
Victory oats to be 0.042 for d values lower than 0.900; for d=1.10 it amounts 
to 0.072. 


Discussion 


The variability in coleoptile sensitivity seems to occur in all commonly 
used modifications of the Avena test. Went & Thimann (12) state that the 
variation partly depends on unknown factors. Judkins (6) has examined the 
influence of kernel size, age, and location in the panicle on the variability 
of the test, without discovering factors, »which would account for the marked 
variations in curvature». From the results of the present investigation it 
must now be concluded that a great part of the variability is due to genetic 
heterogeneity in the test material hitherto used. 

Through isolation and cultivation of an Avena strain, homozygotic with 
respect to the sensitivity towards growth substances, it will be possible to 
improve the Avena test; the same degree of accuracy in the results may be 
obtained by using fewer plants per batch, or the accuracy may be increased 
merely by continuing to use the ordinary number of plants per determination. 

The figures recorded for the mean errors in unassorted Victory oats and 
in the progeny of the B group (p. 274) is very nearly the same, but the 
average number of plants per batch is considerably smaller in the latter case 
than in the former one, viz. 9.6 and 18.8. The corresponding standard devia- 
tions were 0.096 and 0.124 respectively. By means of these figures and the 
equation 


° 
Me 
Vn 

it is possible to derive mortes — 1-29 : m, as applying to the same number 


of plants per batch, and n yassorea = 1-66 : n4 as applying to the same mean 
error for both kinds of batches. 


In the numerical material used for plotting the curves of Fig. 3, the dif- 
ferences between the average values of the groups are greater, viz: 
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Unassorted Avena B progeny 
Number of plants in the batches ...... 22 10 
Standardıdeviaionisa. MU TTL LL. Ah 0.161 0.091 
Mean RON Ir MT. sul armes 0.034 0.029 


In spite of the fact that the number of plants in the batches with B progeny 
was only 45 per cent of that used for the batches with unassorted oats, a 
slightly smaller mean error was obtained with the B progeny. The figures 
yield the following values: m uasorea= 1-8 My ANd Nisassorten = 3-24 °Np- 

These examples illustrate the practical advantages in using a really pure 
line for the Avena test, seeing that it requires a good deal of work to cultivate 
and test the plants. Employment of a genetically uniform material will make 
it possible to reduce this work considerably, without lessening the degree 
of accuracy. 

Among the test material from the progeny studies some specimens were 
selected and used as mother plants for new strains. The coleoptile sensitivity 
of these pure lines will be examined in the coming years and those most 
suitable for use in the Avena test will be grown on a larger scale. 

In these continued investigations it will be urgent to carry out a thorough- 
going study of the progeny from a morphological point of view, which has 
not been done so far. These studies may perhaps be of importance in 
explaining the existence of the physiological heterogeneity in the Victory 
oats, it being a priori difficult to explain why a pure strain, as this variety 
is supposed to be, contains types with a marked difference in sensitivity to 
growth substance. 

The Victory oats variety originates from ihe American Milton oats, a 
Propsteier type, which was brought to Sweden at the end of the last century. 
In this old heterogeneous variety Nilsson-Ehle selected in 1892 a single 
panicle which was used to raise the new variety. Äkerman (1) records that 
the variety was constant from the beginning. Since the oat plant is self- 
fertilizing, and it is well known that self-fertilizers, having been cultivated 
for some length of time, become practically homozygotic in all respects, it 
should be taken for granted that Victory oats is a perfecily pure strain. As 
appears from the present investigations this is now, however, subject to 
doubt, since it has been possible io segregate two groups from Victory oats, 
significantly distinguished in their sensitivity to growth substance. 

In the discussion about the origin of the deviating types three possibilities 
could be suggested: 

1. Cross-pollination from a type morphologically very close to Victory 
oats may have taken place and induced heterozygosity in physiological 
qualities without causing discernible morphological variation. 
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2. Mutations may have occurred. 

3. The strain may have been heterogeneous from the beginning or a 
contamination may have taken place in the early history of the variety. 

Of these possibilities the third seems to be the most probable. Oat breeders 
have found from experience that the probability for occurrence of new 
characters in a variety is less than 1 per cent when cross-pollination is 
considered, and even much less in case of mutations (Nilsson-Ehle, 11). 

Thus the only possibility to explain the occurrence of physiologically 
diversified types in Victory oats seems to be that the variety has been hetero- 
geneous from its very first days. 

The present investigation emphasizes the importance of working with 
genetically pure plant material when undertaking physiological investigations, 
particularly where a small number of experimental plants are used as in the 
Avena test. If the material is genetically heterogeneous there always exists 
the possibility that the results may be made obscure. Genetic homozygosity 
means one unknown factor less, and, whereever possible, clones or really 
pure lines should be preferred as test objects in plant physiology. 


Summary 


By means of assorting a larger material of Victory oats which had been 
used for growth substance experiments, three groups of plants were selected 
with slight, mean, or pronounced sensitivity of the coleoptiles to indole-3- 
acetic acid. The sensitivity of the progeny agreed very well with that of the 
parent plants, and the least sensitive progeny deviated significantly from 
the most sensitive. 

An analysis of the sensitivity variation showed that a more uniform 
material with less standard deviation was obtained in the intermediate type 
than in unassorted oats. This fact may be of importance in the practical 
application of the Avena test. 

The reason why the Victory oats variety shows heterozygosity in physi- 
ological respects is discussed. 


For this work a grant has been received from the Carlsberg Foundation. The author is 
also indebted to Professor P. Boysen Jensen for the help and support received from the 
Laboratory of Plant Physiology at the University of Copenhagen. 
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Verschiedene Zuckerarten als Kohlehydratquelle für 
isolierte Wurzeln von Pinus silvestris 


Von 
V. SLANKIS 


Institut für physiologische Botanik der Universität Uppsala 
(Eingegangen am 4. Aug. 1948) 


Seit den ersten Versuchen von Kotte (1922) und Robbins (1922), isolierte 
Pflanzenwurzeln in künstlichen Nährlösungen zu kultivieren, ist diese Me- 
thode von mehreren Forschern angewandt worden. Als Versuchsobjekte 
wurden bisher meistens krautartige Pflanzen verwendet. Nur Bonner (1942) 
hat die Wurzeln von dikotylen Bäumen (Acacia melanoxylon) zu kultivieren 
versucht. Seit einiger Zeit bin ich mit Untersuchungen über die Wachstums- 
bedingungen isolierter Kiefernwurzeln beschäftigt. Die Einwirkung verschie- 
dener Zuckerkonzentrationen wurde kürzlich in einer vorläufigen Mitteilung 
(Slankis 1947) behandelt. 


Methodisches 


Als Versuchsmaterial wurden Wurzeln von Pinus silvestris benutzt. Die Samen 
stammten aus der Provinz Wärmland (Uddheden, 110 m ü.d.M.) in Schweden. Da 
nach Kujala (1927) die Keimungsgeschwindigkeit der Kiefernsamen parallel mit der 
Dicke resp. der Farbe der Saménschalen verläuft, wurden für die Versuche nur die 
zahlenmässig vorherrschenden grauschwarzen Samen verwendet. Die Vorbereitung 
der Samen zur Sterilisierung erfolgte nach der Vorschrift von Melin (1936). Die 
Sterilisierung selbst wurde durch eine 15 Minuten lange Eintauchung in die nach 
Wilson (1915) vorbereitete Chlorkalk-Lösung ausgeführt. Die sterilen Samen wurden 
in dreimal erneuertem sterilem destilliertem Wasser gespült, hierauf eine Stunde 
in ca 500 ml Wasser gelassen und dann auf 1,2 °/oigen Agar-Agar in Petrischalen 
übertragen. Jede Schale enthielt etwa 15—20 Samen (vergl. Melin, 1936). Der zu 
diesem Zweck angewandte Agar-Agar wurde zuerst 24 Stunden in fliessendem 
Leitungswasser und danach 24 Stunden in destilliertem Wasser gewaschen. Die 
Keimung der Samen erfolgte nach 6—7 Tagen bei 20° C. Die Zahl der ausgekeimten 
Samen schwankte zwischen 75 und 85 0. 
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Um allzu grosse Wachstumsschwankungen nach der Isolierung zu vermeiden 
(Fiedler, 1936), wurden die 8—12 mm langen ausgekeimten Wurzeln möglichst nahe 
der Hypokotylgrenze dekapitiert. Dadurch erhielten alle Wurzelspitzen in möglichst 
gleichen Mengen die für das Wachstum wichtigen Reservestoffe. Die Versuche 
erfolgten in vorher mit Bichromat-Schwefelsäure gespülten 100 ml Erlenmeyer- 
Kolben aus Jenaer oder französischem Pyrex Glas, die 24 Stunden in heissem, 
entkalktem Wasser gestanden hatten. Hierauf wurden die Kolben für 24 Stunden 
mit gewöhnlichem destilliertem Wasser gefüllt und dann noch mit zweimal destil- 
liertem Wasser gespült. Die Trocknung der so vorbehandelten Kolben geschah in 
umgekippter Lage in der Luft. 

Zur Bereitung der Kulturflüssigkeit wurde die Salzlösung von Robbins und White 
(1936) mit folgender Zusammensetzung angewandt: in 1000 ml redestilliertem Wasser 
(spezifisches Leitungsvermögen bei 18° C=1,39.10—® reziprokem Ohm) 50 mg 
Ca(NO,), (Baker), 10 mg MgSO, (Kahlbaum), 10 mg KH,PO, (Schering-Kahl- 
baum), 1 mg FeCl, (Schering-Kahlbaum), 0,1 mg Na,B,O, (Kahlbaum), 0,1 mg 
MnCl, (Schering-Kahlbaum) und 0,1 mg ZnCl, (Kahlbaum). Zur Anwendung kamen 
nur mit »pro analysi» bezeichnete Chemikalien, mit Ausnahme von ZnCl, (Rein- 
lichkeit puriss.). Weiter wurden der Lösung noch 50 y Vitamin B, (Aneurin-HCl, 
Merck-Darmstadt), 50 my $-Biotin (Merck, Rahway, N. J.) und in einigen Fällen 
auch 500 y Cholinchlorid (Hoffmann La Roche) pro Liter zugesetzt. Als Kohle- 
hydrate dienten verschiedene Zuckerarten. Die Nährlösung wurde zu je 20 ml in 
die Kolben eingefüllt und bei 1 Atm. Überdruck 15 Minuten lang sterilisiert. Die 
Züchtung erfolgte im Thermostat bei einer Temperatur von 20° C. Die Versuche 
dauerten 60 oder 120 Tage. Im letzteren Falle wurde die Nährlösung nach 60 Tagen 
erneuert. Am Ende des Versuches wurde die Anzahl und Länge der Wurzeln notiert. 
Da die wachsenden Wurzeln für die weiteren Versuche unentbehrlich waren, habe 
ich nur in einem Fall die Zunahme des Trockengewichtes der Wurzeln bestimmen 
können. Die Wurzeln wurden dann in destilliertem Wasser gespült und nachher bei 
100° C getrocknet. 


Versuche 


In einem Vorversuch unter Anwendung der genannten Salzlösung mit 
einem Zusatz von 50 y Vitamin B, und 50 my Biotin pro Liter wurden fol- 
gende Zuckerarten als Kohlehydratquellen geprüft: Arabinose (Pfanstiehl, 
C. P.), Xylose (Schering-Kahlbaum, pur.), Glukose (Kahlbaum, pro analysi), 
Fruktose (Merck, puriss.), Mannose (Kebo, Stoekholm), Galaktose (Kahl- 
baum, pur.), -Maltose (Schering-Kahlbaum, puriss.), Saccharose (Schering- 
Kahlbaum, puriss.) und Raffinose (Schering-Kahlbaum, puriss.), ausserdem 
noch der Zuckeralkohol Mannitol (Schering-Kahlbaum, pur.). Die ange- 
wandten Zuckerkonzentrationen und die nach einer 60-tägigen Kultivierung 
erhaltenen Resultate sind in Tabelle 1 zusammengestellt. Aus der Tabelle 
ist ersichtlich, dass die Pentosen keine Wurzelentwicklung förderten, 
und dass von den Hexosen Glukose und Fruktose die giinstigsten waren. Die 
Erhôhung der Konzentration dieser Zuckerarten von 0,5 auf 4 %o förderte 
die Entwicklung der Wurzeln. Die anderen Zuckerarten ergaben ein sehr 
schlechtes Wachstum. Ein weiterer Versuch wurde mit Glukose, Galaktose 
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Tabelle 1. Die mittleren Werte der Länge und Anzahl der Nebenwurzeln isoliert gewach- 
sener Kiefernwurzeln nach 60 Tagen in Nährlösung mit verschiedenen Zuckerarten als 
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Tabelle 2. Die mittleren Werte der Länge und Anzahl der Nebenwurzeln isoliert gewach- 

sener Kiefernwurzeln nach 60 Tagen in Nährlôsung mit verschiedenen Monosucchariden 
als Kohlehydratquelle. 

FMLA 


| | | yo a 
| Anzahl der} z a Länge der 
_Kohlehydratquelle 0,0 | Wurzeln in | Zee eared nn 
| der Gruppe II Summe I | II |Summe 
| i | 
Glukose 2: 2 5 2,4 RE TT 5,0 | 0 5,0 
bak EN 3 5 1,8 1,0 | 28 115 | 1,0 15,5 
Mer 4 5 2 1,0 3.2 28,8 1,0 29,8 
UP on 5 Bere a 5 5 2,0 0 2,0 21,8 0 21,8 | 
AP RE 6 5 120.4 0 0,4 2,6 0 2,6 
Galaktoses 2: 2 5 N) 0 2,0 1,6 0 1,6 
re LE 3 5 I. 14 0 1,4 3,4 0 3,4 | 
> 4 5 OM EC 0 1,4 8,4 0 8,4 | 
see PEU Tee 5 5 1062227100 22 4,2 0 4,2 
Ne oy ON 6 5 MCD ET ete et LOST RERO 
Mannose ......:...... 2 5 1,2 | DOME soo TE 
> 3 5 oi a oh es tC 7,4 Om PTE 
ane 4 5 26) 92. 2,8 7,0 Ba 754 
SE EE PEN 5 4 RO CR ST ON BED C=) 30 


1 J, I = Nebenwurzeln 1., 2. Ordnung. 


und Mannose in Konzentrationen von 2—-6 °/o ausgeführt. Die Resultate sind 
aus Tabelle 2 ersichtlich. Auch in diesem Versuch wurde der grösste Zuwachs 
der Wurzeln in 4prozentigen Hexosenlösungen erreicht und das beste Wachs- 
tum mit Glukose erzielt. 

Um die für das Wachstum der Kiefernwurzeln optimale Konzentration der 
Glukose zu ermitteln, wurde noch ein Versuch mit Glukosekonzentrationen 
(Pfanstiehl, C. P.) von 2—6 °/o angestellt. Gleichzeitig wurden auch Versuchs- 
gruppen mit höheren (3,9—11,6 °/o) Saccharosekonzentrationen (Kahlbaum, 
puriss.) angelegt. Die molaren Konzentrationen dieser Lösungen entsprechen 
denjenigen der 2—6 °/oigen Glukoselösungen. Es war kaum anzunehmen, 
dass Saccharose, welche früher als die beste Kohlehydratquelle für isolierte 
Wurzeln anerkannt war, sich als ganz ungeeignet für isolierte Kiefernwur- 
zeln erweisen sollte. Eher schien es denkbar, dass die überraschenden Resul- 
tate des oben genannten Versuches durch ungeeignete niedrige osmotische 
Werte der Saccharoselösungen erklärt werden könnten. Die Zusammenset- 
zung der Nährlösung war im übrigen wie in den vorherigen Versuchen. Die 
erzielten Resultate sind aus Tabelle 3 und Fig. 1 ersichtlich. Die optimale 
Glukosekonzentration für das Wachstum der isolierten Kiefernwurzeln betrug 
4 0/o. Mit einer Saccharosekonzentration von 5,8 wurde jedoch ein noch 
besseres Wachstum erreicht. Es schien mir aber nicht sicher, ob diese Kon- 
zentration als optimal zu betrachten sei, da die Versuche mit Konzentrations- 
intervallen von etwa 2 °/o ausgeführt worden waren. Deshalb wurden Ver- 
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Tabelle 3. Die mittleren Werte der Länge und Anzahl der Nebenwurzeln isoliert gewach- 
sener Kiefernwurzeln nach 60 Tagen in Nährlösung mit äquimolaren Konzentrationen von 
Glukose und Saccharose. 

SS 


Az DT der Anzahl Länge der 
Kohlehydratquelle 0/0 wann der Nebenwurzeln Nebenwurzeln mm 
der Gruppe 11 II |Summe I II |Summe 
Glukose 7... 2 9 2,4 0,1 2,5 7,0 0,8 7,8 
er PER. 3 13 2,8 0,8 3,6 23,1 2,6 26,3 
De ER; 4 13 2,6 1,6 4,2 37.2 8,9 46,1 
ee 5 12 2,6 0,5 3.1 20,4 2 21,6 
PR er re 6 5 2,0 0 2,0 9,8 0 9,8 
Saccharose ......... 3,9 11 2,3 0,2 29 14,2 0,5 14,7 
OURS. PURE 5,8 7 3,9 3,5 7,4 72,5 6,9 79,4 
» det 10 2,6 0,3 2,9 26,5 1,8 28,3 
» 9,6 9 2,1 0,2 2,3 6,0 0,6 6,6 
» 11,6 14 0 0 0 0 0 0 


1 J, II=Nebenwurzeln 1., 2. Ordnung. 


Tabelle 4. Die mittleren Werte der Länge und Anzahl der Nebenwurzeln isoliert gewach- 
sener Kiefernwurzeln nach 60 und 120 Tagen in Nährlösung mit verschiedenen Konzentra- 
tionen von Saccharose (5—8 °/o). 


RCE eee ee 
on 2 Anzahl Länge l& 5 & Gesamtlänge der 
Kohlehydrat- gli 2 | der Nebenwurzeln | der Nebenwurzeln = = 2, Nebenwurzeln 
quelle "IR Io IEZS 
SR | | D PIRE ANNE MARI 
ao) 11) Wh) mt | D, |m Iıv |SS 7! mm | 0 
nach 60 Tagen 
Glukose ...... | 4 11 3,5| 43 0 | 0 |55,7| 13,5] 0 0 7,8 69,2 100 
Saccharose..., 5 13 454057) w Onl Ow SSO" 62391 0 0 5,2 35,9 52 
> 6 11 5,0; 2,9 0 | 0 | 64,3; 10,4 0 0 1.9 74,7 108 
» sd 10 4,61" 6,1! 0 | 0 |} 75,0] 22,0; 0 0 10,7 97,0 140 
» 7 8 13 3,6 | 3,8|~3,0! 0 | 43,5] 12,3) 10,0} 0 10,4 65,8 95 
| 
nach 120 Tagen < 
Glukose ...... 4 11 4,6 | 12,1) 7,9| 2,3 | 79,2] 81,9] 48,0] 13,5] 26,9 | 222,6 100 
Saccharose..., 5 13 4,01 2,31, L0H OF AS TI LA TIR O0 50 8,0 61,3 28 
» | 6 11 4,9; 1259) 3,5) 0,1) 91,6; 74,6) 18,8} 0,5) 21,4 | 185,5 83 
» 7 10 | 5,1] 15,8) 16,6} 3,7 | 97,3] 126,6] 72,4) 5,1) 41,2 | 301,4 135 
» 8 13 4,2|11,3| 6,8] 2,5 | 67,7] 102,3| 41,0} 5,1| 24,8 | 216,1 97 


I, I, III, IV = Nebenwurzeln 1., 2., 3., 4. Ordnung. 


suche mit 5, 6, 7 und 8 °%o Saccharose ausgeführt. In diesen, wie auch in 
den weiteren Versuchen, wurde Saccharose Pfanstiehl, C. P. Grade, verwen- 
det. Ausserdem wurde eine Versuchsgruppe mit 4 °/oiger Glukoselösung an- 
gelegt. Nach der Sterilisierung erhielten die Lösungen ausser Vitamin B, 
und Biotin auch eine Zugabe von Cholinchlorid (500 y pro Liter). Die erste 
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Fig. 1. JIsoliert gewachsene 
Kiefernwurzeln nach 60 Ta- 
gen in Nährlösung mit ver- 
schiedenen Konzentrationen 
von Glukose und Saccharose. 
Oben von links: 2, 3, 4, 5 und 
6 %/o Glukose. 

Unten von links: 3,9, 5,8, 7,7. 
9,6 und 11,6 °/o Saccharose. 
2/3 nat. Grösse. 


Messung der Wurzeln erfolgte nach 60 Tagen. Hierauf wurde die Nährlösung 
erneuert, und eine zweite Messung fand dann nach 120 Tagen statt. Die 
Ergebnisse sind aus Tabelle 4 ersichtlich. Die angeführten Daten zeigen, 
dass die optimale Saccharosekonzentration für die Kiefernwurzeln bei 7 %o 
lag. Bei den bisherigen Untersuchungen über die Verwendbarkeit der Glukose 
und Saccharose als Kohlehydratquellen für isolierte Wurzeln ist man mehr- 
fach zu widersprechenden Resultaten gekommen. Das Gleiche ist über die 
optimale Konzentration der beiden Zucker zu sagen. Deshalb wurde noch 
ein Versuch ausgeführt, bei dem die Konzentration der Saccharose zwischen 
5 und 9 °/o variierte. Nach 120 Tagen wurden die Wurzeln gemessen und auch 
der Zuwachs des Trockengewichtes festgestellt. Die Resultate sind in Tabelle 
5 und Fig. 2—6 veranschaulicht. 


Tabelle 5. Die mittleren Werte der Länge und Anzahl der Nebenwurzeln isoliert gewach- 
sener Kiefernwurzeln nach 120 Tagen in Nährlösung mit verschiedenen Konzentrationen 
von Saccharose (5—9 °/o). 


go un Gesamt- 
oe Anzahl Lange der Sg 3 £|länge der | Trocken- 
Kohlehydrat- 002 = 2 | der Nebenwurzeln Nebenwurzeln mm E © S Neben- | gewicht 
quelle = Ee N a = wurzeln 
2221| u | m|w| 1 | u |m| ıv 83" |mm| % | mg} % 
a | armer ul I 1 0 En Ean eee 
Glukose ...... 4! 15 |4,1121,9 4,8| 0,1 1136,9j114,6|14,5| 0,7 | 30,9 |266,7! 100 | 3,9 | 100 
Saccharose ../5| 15 /4,6, 2,5; 1,1, 0 46,9| 11,7) 4,1) 0 8,2 | 62,7| 24) 2,0; 51 
» 6| 16 |3,9113,1| 5,5) 0,9| 77,4) 76,2/19,0 1,8) 23,4 1174,4| 65| 3,8) 97 
» 7| 16 |5,4| 26,8! 15,1 0,8 1134,4206,4/44,9| 0,9) 48,1 386,6) 150 | 9,1 | 233 
» 8| 14 | 4,4] 18,2) 6,6! 0,8 |108,11171,7,21,3| 3,8 | 30,0 304,9] 114 | 5,5 | 141 
» 9} 16 |3,2| 8,4. 4,0) 0,1] 67,9| 68,8116,6| 0,1 | 15,7 153,4; 58| 4,1|105 


1 J Il, III, IV = Nebenwurzeln 1., 2., 3., 4. Ordnung. 
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Diskussion 


Die Versuche zeigen, dass die isolierten Kiefernwurzeln Arabinose und 
Xylose als Kohlehydratquelle nicht auszunutzen vermögen. Der mittlere Zu- 
wachs der Hauptwurzeln in 60 Tagen betrug mit Xylose 0,8 mm und mit 
Arabinose 0,2 mm. Die Hauptwurzeln wurden braun, und Nebenwurzeln 
entwickelten sich nicht (siehe Tab. 1). Obgleich die Anzahl der Wurzeln in 
der Serie klein war, ist das Resultat so offensichtlich negativ, dass kein 
Zweifel über seine Richtigkeit bestehen kann. Auch Robbins und White 
(1936) konstatierten dasselbe mit Xylose bei Maiswurzeln, Kotte (1922) mit 
Arabinose bei Maiswurzeln, White (1940) bei Tomatenwurzeln. Von den 
verwendeten Hexosen haben Glukose und Fruktose das beste Wachstum 
gegeben. Welche von den beiden Zuckerarten für isolierte Kiefernwurzeln 
geeigneter ist, lässt sich vorläufig nicht sagen, denn für weitere Versuche 
reichte die Fruktose nicht aus. 

Robbins (1922), Malyschew (1932), Robbins und Schmidt (1938) fanden, 
dass für Mais-, Tomaten- und Erbsenwurzeln Glukose besser als Fruktose 
geeignet ist. Nach Kotte (1922), Bonner und Addicott (1937) sind Glukose 
und Fruktose gleich gute Kohlehydratquellen für Erbsen- und Maiswurzeln. 
Nach White (1940) sind diese beiden Zuckerarten für Tomatenwurzeln keine 
geeigneten Kohlehydratquellen. 

Wie Tabelle 1—3 und Fig. 1 zeigen, gaben die 4prozentigen Lösungen von 
Glukose und Fruktose die beste Entwicklung der Kiefernwurzeln. 

Mit Mannose und Galaktose haben die Wurzeln einen schwachen Zuwachs 
gegeben. Mannose wird als schlechte Kohlehydratquelle auch von Kotte (1922) 
für Maiswurzeln, von Robbins und Schmidt (1938) sowie White (1940) für 
Tomatenwurzeln bezeichnet. Ähnliches hat Kotte (1922) mit Galaktose bei 
Maiswurzeln beobachtet, und nach White (1940) scheint es, dass Galaktose 
sogar eine toxische Wirkung auf isolierte Tomatenwurzeln hat. Bei Kiefern- 
wurzeln war eine solche Wirkung der Galaktose nicht zu beobachten. Es ist 
von Interesse, dass Galaktose den Längenzuwachs der Hauptwurzel be- 
schleunigte. Meistens scheint es für die Entwicklung der isolierten Kiefern- 
wurzeln charakteristisch zu sein, dass die Hauptwurzel nur wenig in die 
Länge wächst (vergl. Fig. 1—-6). Der Streckungszuwachs bleibt im Vegeta- 
tionspunkt stecken, und es wird hier eine kugelartige Verdickung ausgebil- 
det. In den beiden Versuchen mit Galaktose war aber zu beobachten, dass 
die Hauptwurzeln länger auswuchsen als in den Versuchen mit anderen 


Zuckerarten, und in mehreren Fällen entwickelte sich nicht die eigenartige 
Verdickung der Wurzelspitze. 


Fig. 2. Isoliert gewachsene Kiefernwurzeln nach 120 Tagen in Nährlösung 
mit 4 °/o Glukose. ?/3 nat. Grösse. 


Von den Disacchariden erwies sich Maltose als ganz ungeeignet zur Kulti- 
vierung isolierter Kiefernwurzeln, denn in 60 Tagen hatten sich keine Seiten- 
wurzeln entwickelt (siehe Tab. 1), und die Hauptwurzeln waren braun ge- 
worden. Auch Kotte (1922) erhielt beim Versuch mit Maiswurzeln nur einen 
schwachen Zuwachs mit Maltose. Robbins und Schmidt (1938) fanden, dass 
für isolierte Tomatenwurzeln Maltose eine brauchbare Kohlehydratquelle ist. 
White (1940) dagegen bekam bei demselben Objekt mit Maltose ebenso 
schlechtes Wachstum wie mit Glukose und Fruktose. Saccharose hat im Ver- 
gleich mit den übrigen geprüften Kohlehydraten das beste Wachstum ge- 
geben. Wie aus den Tabellen 4 und 5 sowie Fig. 2—6 ersichtlich, gibt die 
Nährlösung mit 7 °/o Saccharose den besten Längenzuwachs der Kiefern- 
wurzeln, die grösste Zahl der Seitenwurzeln und das höchste Trockengewicht. 

Im Unterschied zu der Mehrzahl der bisher kultivierten isolierten Wurzeln 
krautartiger Pflanzen waren die Wurzeln von Pinus silvestris nur dann im- 
stande zu wachsen und sich zu entwickeln, wenn in der Nährlösung Zucker 
in verhältnismässig hoher Konzentration anwesend war. Für krautartige 
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Fig. 3. Isoliert gewachsene Kiefernwurzeln Fig. 4. Isoliert gewachsene Kiefernwurzeln nach 120 
nach 120 Tagen in Nährlösung mit 5 9/0 Tagen in Nährlösung mit 6 °/o Saccharose. */s nat 
Saccharose. ?/3 nat. Grösse. Grösse. 


Gewächse scheint mit wenigen Ausnahmen die optimale Saccharosekonzen- 
tration etwa 2 °/o zu sein (vergl. White 1943). Nur an Erbsen haben Bonner 
und Addicott (1937) beobachtet, dass bei Erhöhung der Saccharosekonzentra- 
tion auf 4—6 °/o die isolierten Wurzeln sich am besten entwickeln. Bei 
Tomatenwurzeln dagegen ist es Robbins (1946) gelungen, die optimale Kon- 
zentration der Saccharose von 2 °/o auf 1 °/o zu vermindern. Man kann an- 
nehmen, dass die hohe Zuckerkonzentration für die isolierten Kiefernwurzeln 
eine hervorragende Bedeutung im osmotischen Sinne hatte. Darauf weist 
das gute Wachstum dieser Wurzeln in einer 4prozentigen Glukose- und 
7prozentigen Saccharoselösung hin, die ungefähr äquimolar, also isosmotisch 
sind. Es entsteht die Frage, ob für das Wachstum der Wurzeln anderer Holz- 
gewächse eine hohe Konzentration des Zuckers ebenso grosse Bedeutung hat. 
Ohne nähere Versuche kann diese Frage nicht beantwortet werden; doch 
scheint es möglich, dass die Ursache von Bonner’s (1942) Misserfolg bei 
isolierten Wurzeln von Acacia melanoxylon gerade in diesem Umstand liegt. 

Das Trisaccharid Raffinose und der Zuckeralkohol Mannitol sind keine 
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Fig. 5. Isoliert gewachsene Kiefernwurzeln nach 120 Tagen in Nährlösung 
mit 7 °/o Saccharose. ?/3 nat. Grösse. 


geeigneten Kohlehydratquellen für isolierte Kiefernwurzeln. In 60 Tagen 
waren die Wurzeln braun geworden, und es hatten sich keine Seitenwurzeln 
entwickelt (vergl. Tab. 1). Kotte (1922) gibt Mannitol als schlechte Kohle- 
hydratquelle für Maiswurzeln an, ebenso White (1940) Raffinose für Toma- 
tenwurzeln. 

Die Frage des eventuellen Einflusses der in verschiedenen Zuckern mög- 
licherweise vorhandenen Beimischungen (besonders in den Zuckern, deren 
Reinheitsgrad nicht »pro analysi» war) auf das Wachstums isolierter Kie- 
fernwurzeln bleibt offen (vergl. Robbins und White 1936, Robbins und 
Schmidt 1938, White 1940). 


Diese Versuche wurden auf Anregung des Direktors des Instituts für physiologische 
Botanik zu Uppsala, Herrn Prof. Dr. Elias Melin, vorgenommen, dem ich für wertvolle 
Hinweise und ständige Unterstützung bei Ausführung der Arbeit zu grossem Dank ver- 


pflichtet bin. 
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Fig. 6. Isoliert gewachsene Kiefernwurzeln nach 120 Tagen in 


Nährlösung mit $ °/c Saccharose. ?/3 nat. Grösse. 


Zusammenfassung 


1. Für das Wachstum isolierter Wurzeln von Pinus silvestris waren Xylose, 
Arabinose, Mannose, Galaktose und Mannitol keine geeigneten Kohlehydrat- 
quellen. 

2. Die isolierten Pinus-silvestris-Wurzeln entwickelten sich gut mit Glu- 
kose und Fruktose, aber am besten mit Saccharose. Von den geprüften 
Glukosekonzentrationen (0,5—-6 °/o) gab die 4prozentige die beste Entwick- 
lung der Wurzeln, von den geprüften Saccharosekonzentrationen (0,5—9 °/o) 
die 7prozentige. Aus den Versuchen mit Glukose und Saccharose scheint her- 
vorzugehen, dass die osmotische Wirkung der Nährlösung ausschlaggebend 
für die Entwicklung der Kiefernwurzeln ist, denn die Wurzeln zeigten einen 
optimalen Zuwachs in annähernd äquimolaren Lösungen. 
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I. Introduction 


Most investigations on the effect of different fertilizer treatments upon 


the ascorbic acid content of green plants have been born out of a purely 
nutritional interest, that is in order to obtain directions for the production of 
human food of highest quality. In spite of the rather extensive plans of many 


of 


the experiments no strong and easily reproducible results, comparable to 


those exerted by the light intensity or duration (see Äberg 1946), have been 
obtained. 


[290] 


NITROGEN FERTILIZATION AND ASCORBIC ACID CONTENT 291 


From another point of view the fertilizer effects may be looked upon as 
a means of obtaining information about the relations between the ascorbic 
acid metabolism and other metabolic or growth processes. In this respect 
even slight effects may be of considerable interest if they are reproducible 
and consistent. 

In attacking the problem of the fertilizer effects upor tne ascorbic acid 
content of green plants we therefore thought it appropriate to restrict the 
study to the nitrogen fertilizers, with which strong growth effects are easily 
obtainable and which are known to have profound effects upon the carbo- 
hydrate metabolism (see Nightingale 1937 p. 136, 155, Burström 1945 b 
p. 16, 56). Such a limitation made it possible to cover a wider range of 
variation in the fertilizer amount and to arrange the experiments with 
several replications. 


II. Materials and methods 


The following plants were used for the experiments: 


Spinach, Spinacia oleracea L., var. » Viking». 

Lettuce, Lactuca sativa L., var. »Early French Frame». 

Radish, Raphanus sativus radicula Pers., var. »Saxa». 

Kale, Brassica oleracea acephala DC., var. »Weibullsholm Halvhôg». 
Tomato, Lycopersicum esculentum Mill., var. »Kondine Red». 
Wheat, Triticum vulgare Vill., var. »Diamant II». 

Parsley, Petroselinum hortense Hoffm. 


Re OS Nr 


The investigation comprised four groups of experiments, called M, W, E 
and C. The experiments of group M were made in the middle bed of the 
greenhouse schematically represented in Fig. 1. The bed was divided into 
16 plots with aid of thin iron sheets penetrating to the bottom of the bed, 
the area of each plot being about 0.5 m° (7567 cm). The soil layer was 
about 20 cm deep and consisted of a mixture of 80 °/o sand and 20 °/o garden 
soil. It was not changed between the different experiments, and the fertilizer 
applications made during the whole of the experimental period are therefore 
simultaneously treated here. 

The experiments of this group comprised four fertilization levels, denote 
0, 1, 4, and 16 (M 1), or 0, 1,5, and 25 (M II---1V), each with four replication: 
(a, b, c, d). The position of the plots is shown in Fig. 1. For the nitroge~ 
fertilization exclusively ammonium nitrate was used and the amounts givea 
during each experiment are presented in Table 1. Other fertilizers were 
applied uniformly to all plots. On Nov. 22, 1945, the following amounts per 
plot were given: 0.5 g KCI. 0.5 g KH,PO,, 0.75 g CaCl, 0.5 8 MgSO,, and 
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Fig. 1. Schematical representation of the yreenhouse used for the experiments of groups 
M, W and E. The plots Nos. 4 and 16 of experiment M I were in the same position as 
Nos. 5 and 25 of experiment M II—IV. 


traces of iron, boron and manganese. KH,PO, was further added on May 16, 
1946, at the rate of 5 g per plot. All nutrients were applied in dilute solutions, 
tap water containing about 70 mg Ca per | being used for these solutions 
as well as for the ordinary waterings. Additional illumination from artificial 
sources was used in experiments M I and C I only. 


Experiment M I: Parsley plants, during the summer grown in the field, were on 
Oct. 15, 1945, planted in the bed. Each plot comprised 16 rows of plants and 
each row 16—18 plants. The sampling was done on Jan. 10 and Febr. 2, 1946. 
During the whole of the experimental period the plants were illuminated by 15 
incandescent lamps (300 W) and 15 mercury lamps (500 Dim, 130 W, outer: glass 
bulb), evenly distributed over the bed. They were placed 100 cm over the plants, 
and were on for 13 hours a day. 

Experiment M Il: On March 1, 1946, six rows of spinach were sown in each plot. 
The rows were later thinned out to ten plants each. Sampling on April 8, 11 and 17. 

Experiment M III: Three weeks old kale plants were on April 23, 1946, planted in 
the plots, 5 seedlings in each. On May 31 the plants were harvested and analysed. 

Experiment M IV: Young tomato plants, sown on April 7, were on June 1 planted 
in the bed, two plants in each plot. Leaves and fruits were sampled and analysed 
during June, July and August. 


The experiments of group W and E were made in the same greenhouse 
as M. The side beds were filled with a mixture of 25 °/o sand and 75 °/o 
garden soil, and were partitioned in the same manner as the middle bed. 
The area of the plots was about 1 m? (67145 cm) or 0.85 m? (67X 125 cm) 
for W and E respectively. The soil layer was about 20 cm deep. The experi- 
ments comprised five fertilization levels denoted 0, 1, 5, 25 and 50. Their 
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Table 1. Applications of ammonium nitrate for the different fertilization levels of experi- 


ments M, W and E. Total amount applied per plot during each experimental period. 
oo Pe 


NH,NO,, g per plot | 
Exp. No. PloteNo: Date of applications 
| ere | Re À 16 | | 
oo oo 
MI 0 Da Me 22. XI, 6. XII, 20. XII. 1945 
| SE Si 3200 4.1, 19. 1. 1946 
Plot No. 
0 1 ‘ > | 25 50 
M I 0 5.0 25.0 125 M2 IN, 015 IN 21946 
| M II 0 2.5 12.5 OE 16. V. 1946 
M IV 0 5.0 25.0 125 OTe MSIE AG MY, IES | 
| | | 
A | 0 i KDE Ih PAD 125 500 3. 1V, 818. Ve 1946 | 
W II 0 D OR 62.571125 26. VIII. 1946 | 
| | | | | 
| i I 0 25 | 12.5 62.5 125 126. ING 1946 | 
| EI 6 2:50. 120 62500125 Tee SA NEES 
EIN | 0 ORNE 62.5 125 15. VII. 1946 | 


arrangement is shown in Fig. 1 and the nitrogen applications are given in 
Table 1. 


Experiment W 1: Young lettuce seedlings were on March 19, 1946, planted in 
the plots, seven rows of each five plants per plot. The sampling was done in April. 

Experiment W II: Six days old lettuce seedlings were planted in the plots on 
July 29, the spacing being the same as in experiment W I. Sampling in September. 

Experiment E I: Radish seeds were sown in the plots on March 19, 1946, 8 rows 
in each plot. The plants were later thinned out, and the leaves were sampled on 
April 15. 

Experiment E II: Like E I. Date of sowing May 22. The plants were harvested and 
analysed on June 18. 

Experiment E III: Spinach was sown in the plots on June 19, 8 rows in each plot. 
The plants were later thinned out and the sampling began in July. 


The experiments of group C were performed with plants grown in Mitscher- 
lich containers (cylindrical enamel vessels, diameter 20 cm, height 18 cm), 
which were filled with about 5 litres of soil mixture (80 °/o-sand, 20 °/o garden 
soil) with a maximum water content of 1 litre. The first experiment was 
made in a greenhouse comparable to that presented in Fig. 1 (maximum 
height 3.8 m), but the other experiments were performed in a larger glass 
house (18X12 m, maximum height 7.2 m). The soil mixture was freshly 
made for each experiment. 

Experiment C I: Parsley plants from the garden were on Oct. 15, 1945, planted 


in a greenhouse bed and on Noy. 20 transplanted to the containers, 10 plants in 
each. The experiment comprised 64 containers placed under a large water filter 
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Table 2. Applications of nitrogen for the different fertilization levels of experiments (CE 
Total amount applied per plot during each experimental period. 

SS eee ee 

| 


Fertilization er 
lot 
Exp. No. = 8 su et x Date of applications 
Plot No. salt 
De a UN até 
dre (STAND I XIE 1949 
CR 0 0.15 | 0.60 2.40 NH,NO, | 4. 1. 1946 
Plot No | | 
0 1 5 225 1 | 
NER | | 
CI 0 0.5 2.5 12500 KNO, + Ca(NO,), 2b 23 EEN 1946 1 
>» il 0 0.5 Dt) 1275 | NH,NO, | 18. IV, 29. IV. 1946 | 
C IV 0 0.375 1.875 9.375 | NH,NO, 3. NT EN LOSE | 
| | 7. IL. 1947 | 


1 The groups 0, 1 and 5 were given KCl and CaCl» so that all containers got equal 
amounts of K and Ca, the atomic relation being 3:1. 


(1.55.5 m) and illuminated by thirty 300-W incandescent lamps daylight. Four 
fertilization levels were used (Table 2), each comprising 16 containers which were 
evenly distributed over the illuminated area. The sampling was done in January 
1946. 

Experiment C II: Kale seedlings, sown in boxes on Febr. 11, 1946, were later trans- 
planted to containers, 6 plants in each. Four fertilization levels were used (Table 2), 
each comprising 4 containers. On April 4 the plants were harvested, weighed and 
analysed. 

Experiment C III: Parsley plants, sown directly in the containers on Febr. 28, 1946, 
were later thinned out to 7--8 plants per container. The number of fertilization 
levels (Table 2) and replications was the same as for experiment C II. Leaf samples 
were taken in May and June. 

Experiment C IV: Young tomato plants, scown about 7 weeks before, were on 
Aug. 22, 1946, transplanted to 32 containers, one plant in each container. Each fer- 
tilization level (Table 2) was represented by 8 plants, which were evenly distributed 
over the area used for the experiment. Leaf samples were regularly taken and 
analysed from Oct. to February. 


The sampling was done in the morning, generally between 9 and 10 a.m. Whole 
leaves were taken as described for the individual experiments, but only the leaf 
blades were used for the analyses, excluding the petioles and the coarser parts of 
the midribs. Samples for the ascorbic acid and dry matter determinations were 
weighed out as soon as possible. They were composed of leaflets or parts of the leaf 
blades from at least 10---20 individual plants, unless otherwise stated. 

The determination of ascorbic acid was made by the method described by Aberg 
(1946): »volumetric» extraction by 0.25 N metaphosphoric acid +0.5 N sulfuric acid 
titration with dichlorophenolindophenol at pH 4.7 combined with a Sclorinaeisic 
detection of the endpcint which permits the application of a correction for slowly 
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reacting substances. Only in the case of tomato fruits and radish tubers the method 
was slightly modified by substituting the manual grinding by grinding in a Turmix 
blendor (comparable to Waring). Samples weighing 10—30 g were then extracted 
by 200 ml of the acid mixture, the final volume being calculated by addition of the 
water content of the sample. 

Other samples were dried to constant weight at 100 C. The dry matter resulting 
was preserved and then used for the determinations of nitrogen according to the 
Kjeldahl method, which were made at the Analytical Department of the Chemical 
Institute. 

Judging from the accuracy of the titration process only it should be appropriate 
to give the results of the ascorbic acid determinations with one decimal at least. With 
respect to the sampling errors, however, and the variation from plot to plot the 
decimal figure would be of doubtful value and has usually been omitted. In order 
to give an idea cf the accuracy obtainable in sampling and extraction, replicate values 
have been given with one decimal for the spinach leaves analysed on July 12, 1946 
(Table 5). 


Ill. Results 
1. Spinach 


Experiment M II. For cultural conditions etc. see p. 292. The first sampling was 
made on April 8, when the first pair of leaves was full-grown on all plots and the 
second pair was fairly well developed. The development was slowest on plots No. 0 
and most rapid on plots No. 5 where a third pair of leaves was about half grown. 
Rainy and cloudy weather prevailed on the sampling day and on the two preceding 
days. 

On April 10 the following notations as to the appearances of the plants were made: 
0: Leaves with comparatively small and light green blades. 

1 and 5: Leaves larger and darker. | 

25: Leaves somewhat smaller than the preceding ones, conspicuously darker green, 
and showing epinastic curvatures. 

Next day the second sampling was made. Only full-grown leaves from the two 

oldest leaf pairs were taken. The morning was clear as was also the greater part 

of the preceding day. 


Table 3. Fresh weight of the leaves, number of leaves per plant, and total harvest of 
| spinach plants from experiment M II. 
Average values for n leaves or plants, respectively. 


| AV h weight | | 
| | Bay tres se Dim + - _____| Total harvest, 


Number of 


| Plots ; leaves, g | leaf blades, g g fresh material ec oe 
IN = AIT EE te er ie per plot | à 0 
ee April8 : April 17 April 8 April 11 April 8—18 
nt = 240 n= 300 n = 240 n=200 | ; 
0 0.25 0.31 02? 0.22 235 519 


1 0.31 0.59 0.27 | 0.39 | 335 Tas) 
> 0.35 0.94 0.31 i 0.51 | 157 8.0 
> 0.32 0.58 0.28 0.35 | 285 8.8 
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Table 4. Ascorbic acid, dry matter, and nitrogen content of spinach leaves from 
experiment M II. 

On April 8 and 17 the samples from two plots (a + d and b + c respectively) were 

5 analysed togelher. 


Mots | Ascorbic acid Dry matter | Nitrogen 
Date Nos | mg per 100 g g per 100 g | Se 10078 
fresh matter fresh matter dry matter | fresh matter 
| 
a, d 63 9.0 4.40 2 
x er 66 + 8.8 re 4.45 0.39 
| (i, Cl 55 = 8.0 Der 
EN RR N 54 7.9 sa 5.36 0.42 | 
8 En ee eae 52). 7.9 5.78 
| 5 pee a 51 si 8.0 u 5.82 0.46 
Era, 58 9.2 6.401 ; - 
25 Be 70 64 93 9.3 | 6.68 6.54 | 0.61 
a 114 | 12.5 3.82 
d 112 11.4 4.25 3 
Ce a He | 2 11.8 ng 4.00 0.47 
c Ic 11 LE 0 oe) 3.88 
| 
| a 95 | 10.7 5.38 
d 83 I 5.52| . a 
IM a ee 2 10.0 7 5.52 0.55 
April | c 94 9.8 5.53 
11 a 87 | 9.9 6.06 
a 96 | 10.1 6.00 
>, 4 87 ta 9.9 it 6.08 0.60 
c | 79 9.5 6.22 
a 115 12.1 331 
a) 107 11.1 6.901 - 
| 23, a 113 he 11.9 dant tte 0.84 
; c 112 12.3 7.02 | 
a, d 87 IE)... able Seheee 
OF a) 88 iret 11.5 4 3.77 0.43 
DR cl 9.9 ste MATE 6 
April b,c ies mah Zu os 
17 - 
ad TY) = 9.7 SW Seabee 
a nr 74 na 9.7 a 5.95 0.58 
dd 87 11.5 6.82 | 
ER aa ae eed: yes ee Ye RE 
hee. Oe 2 a ae Er ze: A 
ad. PI 12.0 4.45 
Ve pis a + ea: — a 
' April 1 0% d 116 11:5 5.22 
17 b, ¢ poy 8 u en} Bart: ee LAS 
| young | à, d 109 10.8 | | 
1 l hi 5 3 . | 6.98 | = 
| leaves b, € 107} sam 10.1} ee RE. Ci 
| D: Grd 133 | 1257 7.44 | 
25 Le reat 134 eek 13.0 a 7.39 | 0.96 
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The last sampling was made on April 17. The morning was cloudy. The develop- 
ment of the plants is seen from Table 3 which presents the data collected at the 
harvest on the next day. The total harvest includes the material used for the pre- 
ceding samplings as does also the leaf number. Full-grown leaves from the second 
and third leaf pair (numbering from the basis) were taken, but this time the 
sampling also included young growing leaves with a total length varying between 
2 and 4 cm. It was noted that the extracts showed a yellowish tint which increased 
from 0 to 25 and was much stronger for the young leaves than for the full-grown 
ones. 


The results of the analyses are presented in Table 4. For the full-grown 
leaves it is consistently found that the ascorbic acid and the dry matter 
content initially decreases with increasing nitrogen application. In this range 
there is also an inverse relationship between ascorbic acid and nitrogen in 
the leaves. At the highest fertilization level (25), however, there is an increase 
of the ascorbic acid as well as the dry matter content, though the nitrogen 
content continues to rise. Apparently this phenomenon must, in some way 
or other, be connected with the growth depression caused by the highest 
nitrogen application, which is clearly shown by the figures for the leaf 
weight and, for the total harvest (Table 3). 

In order to give a comprehensive picture of the relations just discussed 
Fig. 2 was prepared. Relative values were computed for each sampling (mean 
value 0—25=100) and the average for all samplings of full-grown leaves 
were plotted in the graphic representation. The correlation between ascorbic 
acid and dry matter values apparent from Fig. 2 is also shown in Fig. 3. 
The total variation is probably in part caused by the changing light conditions, 
which affect both ascorbic acid and dry matter content of the leaves (Aberg 
1946). Neither the variation caused by the light factor nor the variation due 
to the nitrogen nutrition can be eliminated by relating the ascorbic acid values 
to dry matter instead of fresh matter, however. When calculated as described 
for Fig. 2 the ascorbic acid content of the dry matter varies in the following 
manner: 0: 103.2, 1: 100.5, 5: 95.4, 25: 100.9. 

The young leaves sampled on April 17 show no initial decrease in the 
ascorbic acid content, though such a decrease is apparent in the dry matter 
values. The final increase is obvious, however. 


Experiment E III is a repetition of experiment M II under different conditions. 
The soil was richer (see p. 292) and five different levels of nitrogen nutrition were 
used instead of four. With the progress of season (sampling in July instead of April) 
the temperature and light conditions in the glasshouse were naturally widely altered. 
The sampling was done on July 12 and July 19. On both occasions only full-grown 
leaves were taken. The results are presented in Table 5, and the variation of the 
relative values, calculated as for experiment M II, is shown in Fig. 2. 
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Fig. 2. Relations between the yield of spinach plants and the ascorbic acid, dry matter, 
and nitrogen content of the leaves. Experiment M II and E Ill. Relative values, see text p. 297, 
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Fig. 3. Relation between ascorbic acid and dry matter content of spinach leaves from 
experiment M II. +—full-grown leaves, O — young leaves. 


Apparently the main relations are the same as those found in experiment 
M II. The nitrogen deficiency on plot 0 has not been so pronounced in the 
present experiment, and the variation of the nitrogen content of the leaves 
from 0 to 5 is not consistent. The ascorbic acid minimum coincides with the 
maximum of the plant weight, and two plots represent the supra-optimum 
fertilization range with a parallel increase in the ascorbic acid, dry matter, 
and nitrogen values. 


The first experiments on the effects of fertilizers upon the vitamin C content of 
spinach leaves were made by Hahn & Gôrbing (1933). They used a guinea pig test 
and found that excessive nitrogen fertilization usually depressed the antiscorbutic 
activity of the leaves. Ijdo (1935, 1936), on the other hand, concludes from pot 
experiments that »a larger amount of nitrogen results in a larger carotene and vitamin 
C content of the spinach leaves» (1935 p. 169), and Pfützer (1937) claims, in a pre- 
liminary notice, to have shown that the ascorbic acid content of spinach leaves is 
highest at intermediate nitrogen applications. No numerical data or other details 
are given in the latter paper, and the reliability of the results can be questioned in 
both cases. Scheunert & Reschke (1938) studied the differences between spinach 
from plots with stable manure only and those with manure +NPK, and found the 
titrable ascorbic acid somewhat lower in the latter case, while no difference could 
be shown by the guinea pig test. Sugawara (1938) reports positive effects of large 
nitrogen applications on the ascorbic acid content of spinach, while Chao-Yu (1946) 
is said to have found no effects of fertilization in this respect. 
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Table 5. Ascorbic acid, dry matter, and nitrogen content of spinach leaves from 
experiment E II. 


Two samples were taken from each plot on July 12. 
RE 


| Plot Fresh weight | Ascorbic acid Dry matter | Nitrogen | 
Date | NS. ' g per plant : mg per 100 g' g per 100 g + 6 Per 100 g | 
| n == 24-25 fresh matter | fresh matter | dry matter Men | 
| Se : | | 
0 He 59.1 6.9 6.01 ; | 
| 54.9] »- e 2 > | | 
| : | 3. | 0.39 | 
fl ao 55.1 6.7 3.80 | 
apm i) 50.9 = a 3 | 
12 5 a 50.5 6.6 5.74 0.38 | 
| 
\ | 5 59.9 | 
25 sea 60.1 7.3 6.06 0.44 | 
| 2 61.6, 2 
| 50 | gay 620 | 7.9 623 ES 
| 
| 
0% 21.5 53 | 7.3 5.36 0.39 
eae ae he 23.3 52) 7.4 5.43 0.40 
Mo don 29.9 43 u! 6.9 5.67 | 0.39 | 
Zi 16.8 52 | 8.2 5.95 0.49 | 
| 0 | 16.1 | 97 8.7 5.90 0,52 


À thorough study of the problem was made by Wittwer et al. (1945) who found 
a decrease of ascorbic acid with increasing quantities of nitrogen applied as a 
fertilizer. Four different levels of nitrogen (5, 10, 20, 40 m.e. as ammonium nitrate) 
and five levels of calcium were used, and at least at the higher calcium levels the 
supra-optimum nitrogen range was not reached. The same seems to be valid for 
the decrease in the ascorbic acid content of spinach found by Ekman (1947) at the 
application of mineral fertilizer (NPK) or stable manure. 


Summing up it may be said that the most reliable of the previous investiga- 
tions have shown the initial decrease of the ascorbic acid content of spinach 
leaves at increasing nitrogen applications which is also found in the present 
studv, while the final rise in the supra-optimum range has not been reported 
earlier. 


In this connection another species of the same family, viz. Beta vulgaris var. cicla 
(Swiss chard, silver beet), should be mentioned. Some data presented by Isgur & 
Fellers (1937, Table 1: F>E, B<A) could easily be reconciled with the scheme 
here proposed for spinach, and Wittwer et al. (1945) found a continuous decrease 
of the ascorbic acid content with increasing nitrogen level (5, 10, 20, 40 me. as 
ammonium nitrate); no appreciable reduction of the yield was apparent at the highest 
nitrogen level. Brown et al. (1947) report a highly significant decrease with increasing 
nitrogen applications. Entire plants, with the exception of the youngest leaves were 
taken for samples, and the results are as follows (mg ascorbic acid per 100 g 
fresh matter, n=number of samples): nitrogen-deficient 31.7 (n=7), complete 
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24.6 (n=22), and dcuble-nitrogen nutrient solution 16.2 (n=5). The plants were 
stunted on the nitrogen-deficient plot only. Chao-Yu (1946) found no significant 
effects of nitrogen fertilization for this plant. 


2. Lettuce 


Experiment W 1. Fertilization etc. see p. 293. No conspicuous nitrogen deficiency 
symptoms were to be seen on the non-fertilized plots. On April 25 it was thus 
noted that the green tint of the plants was uniform for plots 0, 1, and 5, while the 
effects of excessive fertilization on plots 25 and 50 was clearly apparent in the dark 
green colour of the leaves and in the decreasing weight of the leaves as well as 
of the whole plants (Table 6). On plot 50 the leaves showed strong epinastic curling 
and the intensity of their green coloration reached its maximum. For the chemical 
determinations only full-grown leaves with good and even exposure to the light were 
taken. 


Table 6. Ascorbic acid, dry matter, and nitrogen content of lettuce leaves from 
experiment W I. 


| Plot ÉRSREMEIent Absorbic acid] Dry matter Nitrogen 
Date 3 g per 100 g 
No. 8 per leaf |g per plant |mg per 100 g) g per 100 g 
n= 29-44 n= 23 | fresh matter | fresh matter dry matter | fresh matter 
| | 
| 0 1.5 — 54 8.5 5.54 0.47 
tee | LE -- 53 9.1 5.46 0.50 | 
Apr 1.3 = 51 8.6 5.66 049 | 
15.5135 1.0 = 59 10.1 5.92 0.60 
50 tal — 62 10.5 6.75 0.71 
| 0 363) 23.0 37 7.2 | 5.41 0.39 
2 1 3.1 212 36 7.0 | 5.65 0.40 
ee si 22 22.7 34 6s.) CE 0.39 
25 25 25 14.9 43 8.2 6.23 0.51 
50 2.0 14.4 44 9.7 7.10 0.69 


Table 7. Ascorbic acid and dry matter content of lettuce leaves from experiment W II. 


f 


re Fresh weight Absorbic acid Dry matter 
Date ie g per leaf g per plant -| mg per 100 g | g per 100 g 
5 n= 17-34 n= 17-18 fresh matter | fresh matter 
| | | | 
See ee 
0 1.6 = 37 37 
1 1.5 = 34 5.8 | 
Sept. 5 1.4 _ 34 6.0 
5 95 1.0 _ 38 6.5 
50 0.9 = 41 7.6 
0 3.4 21.4 28 5.8 
1 3.4 25.3 | 24 6.1 
Sept. 5 3.1 16.1 26 6.1 
15 95 2.9 10.8 31 7.2 
50 2.0 EU 38 8.6 
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Fig. 4. Relations between the yield of lettuce plants and the ascorbic acid, dry matter, 


and nitrogen content of the leaves. Experiment W I and W II. Relative values, see text. 
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Experiment W II was made in the same bed as the preceding one but on a 
later date. The appearances of the plants were comparable to those noted for 
experiment W I, and the same depression of the plant weight at the higher levels 
of nitrogen fertilization was apparent. The deficiency of nitrogen on plot 0 seems to 
have been more pronounced in this experiment than in experiment W I, presumably 
due to the removal of this nutrient by the preceding crop. 


The results presented in Tables 6 and 7 are summarized in Fig. 4, which 
was prepared as described for Fig. 2. A detailed discussion seems superfluous 
as the general trend is identical with that previously found for spinach. 


Ekman (1947) found no significant differences in the ascorbic acid content of 
lettuce grown with stable manure or mineral fertilizers (NPK), while there was a 
significant decrease in the plants treated with (mineral) fertilizers as compared to 
unfertilized plants. Scheunert & Reschke (1938) found higher values for lettuce plants 
treated with manure+NPK than for those given manure only. Whole plants were 
analysed and the complications arising from the joining of young and full-grown 
leaves should be observed. 


3. Radish 


Experiment E I (p. 293). Full-grown leaves from the young plants were analysed 
on April 15. The results are presented in Table 8. 

Experiment E II was a replication of the preceding one, made in the same bed 
about two months later. The sampling was done on June 18, when both full-grown 
leaves and tubers were analysed (Tables 9—10). The tuber extracts were yellow 
red; after the addition of sodium acetate they changed to a red violet colour which 
was stable after 2 minutes. 


In both experiments there is an initial decrease of the ascorbic acid as 
well as the dry matter content of the leaves with increasing nitrogen applica- 
tion, which is then followed by a final rise in the supra-optimum range. The 
relations are thus seen to be of the same type as those found for spinach 
and lettuce leaves. In experiment E II the initial decrease is not very strong. 
It is not found for the tubers (Table 9), which on the other hand seem to 


Table 8. Ascorbic acid, dry matter, and nitrogen content of radish leaves from 
experiment E I. 


7 i i Nitrogen 
Plot Fresh weight | Ascorbic acid | Dry matter saa 100% 
Date | No. g per leaf | mg per 100 g| g per 100 g 
n= 44-58 fresh matter fresh matter dry matter recht matter 

0 0.47 122 10.8 6.79 0.74 
2 1 0.52 111 10.7 6.90 0.74 
April |” 5 0.53 113 10.6 6.80 0.72 
LB as} er 0.49 124 12.0 7.75 0.93 
50 0.40 130 117 8.27 0.97 


20 
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Table 9. Ascorbic acid, dry matter, and nitrogen content of radish plants from 
experiment E II. June 18, 1946. 


EEE 
ED - n 


| | ; one | dry tter | Nitrogen 
partie. | Plot | Ascorbic acid ; Dry er pen due | 
the plant | NO. mg per 100 g 8. per 8 ce hip - 
Ik | | fresh matter fresh matter dry matter | Foch alice 
EE " "a 
| ee 84 8.7 6.33 0.55 
nd 81 8.5 | 6.45 0.55 
Leaves 5 | 79 8.2 | 6.87 0.57 
| 25 | 80 9.3 7.10 0.66 
| were 92 9.8 : 7.43, 007 1 ML, va 
| >; = . A | 
| 0 24 | 4.5 2.65 0.12 | 
| | 1 23 | 4.5 2.58 0.12 
| Tubers | 5 24 4.4 2.73 0.12 
| 25 29 | 5.5 3.16 | 0.17 
| 50 25 | 5.2 2.97 0.16 


Table 10. Number and size of the tubers from experiment E II. June 18, 1946. 


EEE 


rn | AB b — 2 | 
Plot | Total number ——— ee = 2 8 | 2 u = ® m ee | 
Nol : of tubers number _ fresh weight | number | fresh weight 
per plot per plot g per tuber per plot | g per tuber 
pus 61 59 1:7 2 0.6 
1 H 67 | 59 7.3 8 1.4 
mil 58 52 5.6 6 1.3 
25 | 53 | 44 4.2 9 1.2 
50 | 61 | 12 5.5 19 1.0 


reflect the final rise. As is apparent from Table 10 the higher nitrogen 
applications have exerted a definite inhibitory influence on the growth of 
the tubers, and the increase of their ascorbic acid content could also be 
connected with this inhibition. 


4. Kale 


Experiment C II was made with kale plants grown in Mitscherlich containers 
(p. 293). A mixture of potassium and caleium nitrate was used for the fertilization 
(Table 2). The plants were harvested, weighed and analysed on April 4. The leaves 
were numbered, beginning with the youngest one with a length exceeding 5 cm 
(No. I). 

From the results presented in Tables 11 and 12 it appears that even the 
highest nitrogen application did not reach the supra-optimum range, but 
that the leaf and shoot weight increases steadily as does also the number of 
leaves per plant and their nitrogen content. In the full-grown leaves (No. V) 
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Table 11. Ascorbic acid, dry matter, and nitrogen content of kale leaves from 
experiment C II. April 4, 1946. 


ER a eee 
| 


| Absorbic acid Dry matter Nitrogen 
Plots mg per 100 g g per 100 g PEN NE 
No. fresh matter fresh matter 
dry matter fresh matter 


I Ill N I III N I III V I III V 


0 245 163 117 18.22 10.52 13.32, 22.16 208 227447 10.76. 0:50 20.32 
1 260 150 112 MDE See Gag 2.9) 3.93 5903:041 5227328 0 700005100130 
5 2601530100 1.159 140° 11.3.| 6.50 435- 3710|. 1:08 6.610.082 
25 268 158 96° 16:9 133 1211| 8.23 5217 (S540 1.39 "O69 681 


Table 12. Leaf weight, shoot weight, and number of leaves per plant. Kale plants from 
experiment C II. April 4, 1946. Average values for 24 plants. 


SSS SY 


| Plots ee Fresh wight of er leaves, 8 Fresh weight of Number of 
No. | I | III | v the shoot, g leaves > 5 cm 
| 
0 0.58 | oT | 1.26 7.0 6.0 
1 0.60 | 1.28 | 1.08 7.0 6.4 
3 0.66 2.07 | 1.76 11.8 1.2 
25 0.62 | 2.82 | 2.54 17.5 8.5 


the ascorbic acid content decreases with increasing fertilizer application, but 
in the young ones (No. I) it increases. 

Experiment M 111 (p. 292) was made at a later date and, consequently, at a 
considerably higher light intensity (see for instance Aberg 1941 p. 31). For the 
fertilization ammonium nitrate was used as in the majority of the other experiments. 
At the harvest on May 31 the plants were weighed and analysed (Table 13), the 
numbering of the leaves being made as in experiment C II. Each sample represents 
20 leaves. 


The leaf and plant weight, and also the number of leaves per plant, shows 
a pronounced maximum for the plants of group 5, the fertilizer application 
for the plants of group 25 being decidedly in the supra-optimum range. 
The nitrogen content of the control plants (group 0) was decidedly higher 
than in experiment C II, and the absence of any significant decrease of the 
ascorbic acid content of the full-grown leaves in the sub-optimum fertilization 
range may be connected with this circumstance or with the higher light 
intensity. In the supra-optimum range the ascorbic acid and dry matter 
content of the leaves rises sharply. For the youngest leaves (No. I) there 
is a continuous rise in the ascorbic acid content for the whole of the fertiliza- 


tion range tried. 
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Table 13. Weights, ascorbic acid, and nitrogen content of the kale plants from 
experiment M Ill. May 31. 1946. Average values for 20 plants. 
I-—V denotes leaves of different age, see text. 


———© — — 


Ascorbic acid Nitrogen, g per 100 g 
Plot 1 m ———— 
on mg per 100 g fresh matter dry matter _fresh matter 
a SIN et PP II 1 Av fi Av. 
| | | | | i 
0 | 268 | 167 | 136 119. 172 1.02 5.70 | 5.24 | 4.94 | 5.72 0.78 
1 | 277 | 160 | 136 117.) 172 7.00 6.05 5.64 5.38, 6.02 0.80 
5 ,282 | 172-| 136 | 119 | 177 7.81, 6.69; 6.22! 5.85 | 6.65 0.90 
25. | 301 | 182 | 160 | 145 | 197 7.39 6.78) 6.34) 5.85} 6.59 1.05 
| Dry matter | Fresh weight, g | 
| | | Number of leaves 
| g per 100 g fresh matter | __ leaf no. | -|wote | => 5 cin 
PAIE Vora | ı |-m | IV V | shoot | 
ey oi mr: CE + (COR r yon Cr 
0 16.1 | 13.3| 12.8] 12.4| 13.7; 0.73) 3.00 | 3.68 3.56 | 22.3 | OS 
1 16.2) 12:8 21022 )"13.3/ 0.75. 3-74) 4.69 A 214 | 9:3 
5 16:3| 18.5.412.7cH.8 | 13:6] 10/5239 7 IT| 759 482 | 10.0 
25 18.1 | 16.1 | 15.1 | 14.6 | 16.0 | 0.96 | 2.19 | 3.00 | 2.78 | 16.8 | 429 


The relationships found in the experiments previously described is then 
apparent also for the kale plant. The different trend in the ascorbic acid 
variation of young and full-grown leaves already found for the spinach 
plant is still more pronounced in the present case, the initial decrease in 
the older leaves corresponding to an increase in the young ones. 


We have found no previous information as to the behaviour of kale in the present 
respect, but some comparisons with other Brassica species should be made. 

For turnip greens (Brassica rapa L.) Reder et al. (1943) reported inconsistent 
results of nitrogen fertilization. On an average there was a significant decrease in 
the ascorbic acid content, however. The analyses were made on mixed samples, 
containing representative leaves of different sizes. Bernstein et al. (1945) analysed 
medium-aged leaves from plants grown with different fertilizer treatments, including 
also varied nitrogen applications, and report that no differences in the ascorbic acid 
content were associated with fertilizer treatment in soil-pot-cultures or ir field plots, 
in spite of the fact that variations in growth and appearances of the plants were 
relatively great; see further p. 323. 

Some data on the effects of different fertilization practices upon the ascorbic acid 
content of cabbage (Pfaff & Pfützer 1937, Scheunert & Reschke 1938, Balks & 
Pommer 1939, Burrell et al. 1940, Janes 1944), kohlrabi (Pfaff & Pfützer 1937, Fuhr- 
meister 1937, Scheunert & Reschke 1938), Brussel sprouts (Scheunert & Reschke 
1938), and broccoli (Janes 1946) are available. They are mainly related to other 
parts than full-grown leaves, and no consistent trend can be found. 


5. Tomato 


Experiment M IV (p. 292). The sampling was begun on June 14, when leaflets 
from the fifth leaf were taken, the youngest leaf with a length equal to or more 
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Table 14. Dimensions and appearances of the tomato plants from experiment M IV. 
June 19, 1946. Total number of plants per group of plots=8. 
Te 


| | | | | 
o Height of | Width of |Number of Number of | 
| Plots é | flowering | 
DES the plants the plants leaves | Due Appearances of the plants 
| à em | cm | per plant |; I : 
| : (Ist cluster) | 
| oe 28 | 40 11.6 2 Plants yellowish green; 
| | | | | ; leaves very stiff. 
TR 34 | 53 | 12.8 | 4 | Plants of a purer green tint; leaves 
| | more luxuriant and less stiff 
| | than in group 0. 
nil 37 | 60 | 135 3 ‚Plants a little greener and with 
| | | _ larger leaflets than in group 1. 
| 2 | 5 | ' 
Ze | 31 | 43 12.4 3 | Plants dark green; young leaves 
| | | with stronger epinastic curva- 
| | | tures than in the other groups. 


Table 15. Dimensions and flowering state of the tomato plants from experiment M IV. 
July 10, 1946. Total number of plants per group of plots=8. 


Plots Height of the plants | Number of flowering plants 
No. cm | 3rd cluster | 4th cluster 

0 69 3 | 0 

1 | 87 8 | 0 

5) 94 8 4 

25 68 6 | 0 


than 5 cm being designed as Nc. I. On June 19 samples from leaves No. IV and VI 
were analysed, the numbering being made with leaf No. V of the preceding sampling 
as a starting point. For the dimensions and appearances of the plants on this occasion 
see Table 14. 

During the period from June 19 to the next sampling on July 10 9—12 new 
leaves were formed, and the increase in length of the plants was 4—6 dm. The fruit 
set on the first cluster was considerably better for the plants of plots No. 7 and 5 
than for the others. From Table 15 it is also apparent that the flowering of the 
younger clusters was somewhat earlier on the said plots. The appearences of the 
plants remained the same as noted on June 19. Samples from leaves No. IV, VI and 
VUI (new numbering) were analysed and found te have an ascorbic acid content 
which decreases with increasing leaf age (Table 16). 

On July 20 the plants were topped over the fourth cluster. The lower foliage was 
repeatedly thinned. Samples from the upper leaves were taken on July 23 and 
July 30 (Table 16). 

When the fruits began to ripen in August they too were sampled. From each 
quarter of a fruit a radial section was taken, each sample generally representing 
23 fruits. The grinding was made with a Furmix blendor. The degree of sun 
exposure was noted for each fruit at harvest, shaded fruits being characterized 
with the figure 0 and the exposed ones with 2. In Table 17 the average value of 


308 BÖRJE ÄBERG AND IVAR EKDAHL 


Table 16. Ascorbic acid, dry matter, and nitrogen content of tomato leaves from 
experiment M IV. 
Leaves of different age were analysed on June 19 and July 10, see text. 


nn nn 


| Plots Absorbic acid Dry matter Nitrogen 
Date NS: mg per 100 g g pr 100 g g per 100 g 
| fresh matter fresh matter dry matter fredh maafter 
| Der 92 16.9 2.59 0.44 
June 1 86 193.9 3.96 0.53 
14 5 94 13.6 5.58 0.76 
25 IE 16.7 6.03 1.01 si 
6 - 1300 al 
0 ah 70 il 13.5 Er 3.22 0.43 
65 11.9 5.12 = 
dl on 61 es 3 15 1! | An: 4.61 0.54 
June | 
| 19 . ii ean AP 6.23 
| 5 61 oor 12% | st 5.68 0.72 
| > 97 18.0 | 6.44 | 
A + 
| ‘ 25 i 85 a ur | Er 5.76 | 0.98 
104) 14.8 | 5.57] 
0 87 86 13.9} 14.0 | 4.98: 5.09 0.71 
66) 2183 | 473] 
142 36 | 5.96 
1 8] 115 16.5; 16.3 5.36, 5.56 | 0.91 
July 84 | 14.8 | 5.36 | 
10 133 boy Ted | 6.19 
5) 1127 114 1. 17.6 5.96; 5.86 1.03 
96 | 16.9 5.43 
138 90.1 6.62] 
25 1077 117 20. 19.8 6.57; 6.54 1.29 
106 } 19.1 | 6.421 
0 90 13.0 5.29 0.69 
July 1 82 194 5.78 0.89 
23 5 87 16.1 5.85 | 0.94 
25 95 US 6.48 | 1.14 
0 86 13.4 5.47 0.73 
July 1 70 13.7 5.36 0.73 
30 5 81 14.3 5.25 0.75 
25 103 16.9 6.28 | 1.06 


= 


the sun exposure (E) of all fruits from each group of plots is given. The ascorbic 
acid content of the exposed fruits generally lies from 10 to 20 per cent higher than 
that of the shaded fruits: the average value calculated for all plots is 15 percent. 
The percentage of dry matter showed no significant variation, the average value for 
all fruits being 5.3 on Aug. 19 and 5.4 on Aug. 28. All fruits harvested during the 
period Aug. 19—Sept. 11 were counted and weighed (Table 18). The plants of plots 


No. 1 and 5 which flowered somewhat earlıer than the others also produced a greater 
number of fruits with higher average weight. 
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Table 17. Ascorbic acid content of tomato fruits from experiment M IV. 


A=— mg ascorbic acid per 100 g fresh matter, average value with standard error. n—number 
of analyses. Under the heading »Aug. 19 + 28» the means for all fruits analysed are 
given. 

E— average sun exposure of the fruits (see text). 


ER Aug. 19 | Aug. 28 | Aug. 19 + 28 | 
N za | mai — Er a 
5 A Ir | E A | n | E | À fae led | 

0 205-404 | 4 | 08 | 195416 | 6 | 12 | 199409 , 10, 10 | 

1 2382045 | 68) 1.8 1195 Les | 4-| 1511 TEL M0 11.751 

5 20.6412 | 6 | 12 | 207413 | 5 | 12 | 206408 | 11] 12 | 
25 Soe oa 1e e226 | me | 08 210413 47 1e, 


Plots Total harvest Number of fruits Average weight of 
No. g per plant per plant | the fruits, g 

0 1,370 15.7 86 

1 1,900 18.8 102 

5 1,860 20.2 93 

25 1,010 17.8 56 


The values presented in Table 16 give another example of the relation- 
ships between ascorbic acid, dry matter and nitrogen content of the leaves 
previously found for spinach, lettuce, radish and kale. The growth retardation 
caused by the highest nitrogen application is apparent from Tables 14 and 15. 
The correlation between ascorbic acid and dry matter content is shown in 
Fig. 5. 

Only on July 10 results of a different type was obtained, the initial decrease 
in ascorbic acid and dry matter content being absent. Obviously this pheno- 
menon could be related to the unusually high level of both quantities, probably 
connected with an unusually high assimilation rate. A detailed explanation 
cannot be given at present, however. 

The ascorbic acid content of the fruits (Table 17) is highest for plots No. 25, 
a phenomenon which can be connected either with the high content of the 
leaves or with the small size of the fruits (Table 18) (cp. Äberg 1946 p. 267). 
The relatively high ascorbic acid content of the fruits from plots No. 1 on 
Aug. 19 can be related to the increased sun exposure of these fruits. The 
quantitative significance of the E-values of Table 17 is not sufficiently high, 
however, to permit a correction for this influence. 
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Fig. 5. Relation between ascorbic acid and dry matter content of tomato leaves from 
experiment M IV. 


The previous information as to the effect of fertilization upon the ascorbic acid 
content of tomato fruits is rather conflicting. Hoffman et al. (1938) report an 
increase, while the data of Pfaff & Pfützer (1937) and Ott (1938) indicate a slight 
initial increase followed by a sharper decrease; in a field experiment the former 
authors found no significant effect. Dost & Schotola (1940) report higher values 
after the use of stable manure+NPK than after the use of stable manure only. 
Hamner, Lyon & Hamner (1942) found no significant effects of varied nitrate con- 
centrations in sand culture experiments, while Hamner, Bernstein & Maynard (1945) 
report a significant decrease at the highest nitrogen level used, which is held to be 
possibly dependent on a shading effect of the heavier foliage. 

Fcr some other fruits the relations between nitrogen nutrition and ascorbic 
acid content seems to be more definite than for the tomato. The ascorbic acid content 
has thus been reported to decrease with increasing nitrogen applications or with 
increasing nitrogen content for the following fruits: apple (Wallace & Zilva 1933, 
Kessler 1939; cp. however Potter & Overholser 1933, Todhunter 1939), grapefruit 
(Jones et al. 1944, 1945), orange (Jones & Parker 1947), peach (Wittwer & Hibbard 
1947), green peppar, cantaloup (Finch et al. 1945). 

Another plant of the Solanum family which has been studied from the present 
point of view is the potato. Most investigations have been restricted to the tubers, 
however, for which the absence of consistent effect (Pfaff & Pfützer 1937, Scheunert 
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Table 19. Ascorbic acid and dry matter content of tomato leaves from experiment C IV. 


EEE 


Ascorbic acid Dry matter 
mg per 100 g g per 100 g 
Date fresh matter | fresh matter 
Plots No. : Plots No. a : 
0 1 5 25 0 1 5 25 
Nc Cay PT here 7% 71 77 86 11.4 ' 10.8 10.9 16.3 
Oct. 18 Reese eras ce cinta er 52 59 54 08 : 10.97 10:4 12.0 13.9 
VERS2IR een 87 88 103 110 12.1 TMOG 21228 14.4 
NOW es asin i 46 39 41 41, 100 77255 111.51 ato 
INOVem DE een 42 39 oil 56 10.8 | 10.1 10.8 12.1 
NON ae DE ceases ach ce eae | 39 37 39 40 11.0 | 10.2 10.6 1232 
NOV 2 OF cere eeeteiete | 29 27 25 30 NO See 10.1 11.5 
Deco eee me 37 32 30 310 0 07 9.9 RES 
Deore no me 33 29 31 33 | 10.3 | 10.0 | 9.9 11.0 
Dee WIE 2.2... EN aot 48 49 487 z111 | 11:0 | 710.8) | 120 
Dec TRE ee 56 52 53 42 108 | 10.8 10.7 11.2 
125 as PRE NE 50 48 47 35 | 11.3 109 11.2 11.5 
SER OR RR 65 66 56 398 1102121070 110.3591,,10.8 
a Wi RS ende. 84 76 70 BE ET COIN LE 10.6 10.9 
Ban IA nn 85 84 76 59. 19124 | 122 11.7 11.6 
ans rer iors 95 91 77 a tot) 18.0 11.9 1221 
Re ALLER 22.2... 92 103 83 GE Ela 13:5 14.0 14.6 
Ken nl pO. 72,97 85 ay | SURO |) aes 14.7 14.7 
Table 20. Nitrogen content of tomato leaves from experiment C IV. 
| Nitrogen, g per 100 g 
dry matter fresh matter 
Date = - = ss 
Plots No. Plots No. 
| 0 1 a 25 Oa ead 5 25 
| | | 
Och 212 Oct 25 3.60 4.41 5.20 ; 6.00 0.41 | 0.47 | 0.62 0.89 
Nov. 8 — Nov. 29 3.47 3.98 5.39 j= 5.78 0.36 0.42 | 0.58 0.70 
| Dec. 13 — -Dec. 27 5.57 5.38 | 5.57 6.44 0.60 0.57 | 0.59 0.73 | 
| Jan. 3 — Jan. 24 5.86 5.75 | 5.74 6.15 | 0.68 : 0.64 | 0.64 0.69 
Jan.31-= Feb. 21 4.55 4.93 5.18 6.28 | 0.64 0.67 | 0.70 0.87 


& Reschke 1938, Smith & Gillies 1940, Karikka et al. 1944) or a slight increase by 
application of nitrogen fertilizers (Ott 1937, Illyuviev & Ulanova 1937) have been 
reported. Wachholder & Nehring (1938 p. 719, 1940 p. 252), on the other hand, 
found the highest ascorbic acid content in tubers from unmanured plots, while 
mineral NPK-fertilizer and, still more, stable manure depressed the content. Finch 
et al. (1945) studied the leaves also, fer which a decrease of the ascorbic acid 
content at the application of ammonium sulfate is reported. The same thing was 
valid for the tubers. 

Experiment C IV (p. 294) was of a fairly long duration and shows the influence 
of the light intensity and of the developmental stage upon the ascorbic acid 
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Fig. 6. Relation between ascorbic acid and dry matter content of tomato leaves from 
Experiment C IV. 


relationships. During the experiment the plants of group 0 showed more and more 
conspicuous signs of nitrogen deficiency. The leaves assumed a light yellowish-green 
tint, and the older ones soon began to wither at an earlier stage than for the other 
groups. The plants of group 25, on the other hand, showed the usual signs of 
excessive nitrogen manuring. The growth was retarded and the leaves showed an 
increasing tendency to curl. They were of a considerably darker green tint than in 
group 7 and 5. 

Samples for the analyses were taken from the youngest full-grown leaves, usually 
No. IV—VI when numbered as at the first sampling of experiment M IV. For group 0 
the leaves No. III—IV were used after Dec. 27; these leaves were then the oldest 
ones without signs of yellowing and withering. 

During the period Oct. 11—Nov. 29 the leaf extracts of group 0 showed a strong 
anthocyanic colour; for group 1 it was considerably weaker, for group 5 very 
weak, and for group 25 it was not detectable. On Dec. 6 the intensity of the colour 
was much weakened, and later it disappeared wholly. During february it reappeared, 
and on Febr, 21 weak colour was observed for the extracts of group No. 0 and 1. 


The values for ascorbic acid, dry matter and nitrogen content of the leaves 
are presented in Tables 19 and 20. During the period Oct. 11—Dec. 13 the 
relationships are obviously of the type already known from experiment M IV, 
but later the final rise in the ascorbic acid content is gradually changed into 
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Fig. 7. Relation between ascorbic acid and dry matter content of tomato leaves from 
Experiment C IV. 


a decrease, while the variation in the dry matter and nitrogen content is 
much weakened. This change is graphically shown in Fig. 6, which is pre- 
pared in the same manner as Fig. 2. The relation between ascorbic acid and 
dry matter content is shown in Fig. 7. Contrary to the previous experience 
the values for the plants with supra-optimum nitrogen application do not fit 
in with the relation found for the other plots. Possibly the prolonged supra- 
optimum nitrogen nutrition has brought about disturbances of increasing 
strength, apparent for instance in the growing tendency of the leaves to curl, 
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Fig. 8. Seasonal variation of the ascorbic acid content of tomato leaves during experiment 
C IV. The different plots are indicated as in Fig. 7. The black columns represent the mean 
daily insolation. 


a tendency which may be active in decreasing the ascorbic acid content by 
reducing their exposure to the light. 

The seasonal variation of the ascorbic acid values is shown in Fig. 8, which 
also gives the mean daily insolation on a horizontal surface for the four days 
preceding each sampling. The radiation measurements were made at the 
Institute of Physics and Meteorology of the Agricultural College, and we 
are indebted to the head of this institute, Dr. E. Lindberg, for putting them 
at our disposal. The radiation penetrating the glass house has naturally been 
somewhat weaker, but the average relation to the value measured in the 
free air is fairly constant. No artificial illumination was used during the 
experiment, nor was there any white-washing of the glass. It is apparent 
from the figure that the seasonal variation of the ascorbic acid content closely 
follows the course of the insolation. Besides the main minimum during 
midwinter there are smaller minima on Oct. 18, Nov. 8, and Jan. 3 which 
are connected with shorter periods with relatively low insolation. 
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6. Wheat 


A preliminary experiment with young wheat plants in solution culture should be 
briefly mentioned. The plants were grown in control chambers as described by 
Aberg (1947). The nutrient solution was comparable to solution A (l.c.) but the 
amounts of KNOs and Ca(NOs)2 were augmented to 3.0 and 7.5 millimoles per liter 
(18 milliequivalents of NOs/l). These salts were gradually substituted by KCl and 
CaCle so that the series of nitrate concentrations given in Table 21 was obtained. 
Young seedlings (shoot length 10.5 cm, root length 5.5 cm) were on April 1, 1946, 
transferred to these solutions and remained there for 9 days. The dimensions of the 
plants at the end of the experiment are presented in Table 21. Three leaves were 
visible and the middle one was used for the ascorbic acid analyses shown in the 
table. There was a gradual deepening of the green coloration with increasing nitrate 
concentration in the nutrient solution. The growth of the shoot was also favoured by 
the nitrate, but the root growth was conspicuously depressed. 


Table 21. Ascorbic acid content and dimensions of young wheat plants grown in solutions 
with different NOs-concentrations. 
Average values for 2 groups of 14 plants. 


NO’, len Shoot weight Shoot length Root length | 
milliequ./l mg per 8 | 
1 Dede g/14 shoots cm cm | 

0 81 3.0 2 >16 
0.72 78 3.4 26.5 16 | 
3.6 88 4.4 30 1515) | 
10.8 102 5.1 31 14 | 
18 117 5.5 31 14 | 


The relationship between ascorbic acid content and nitrogen nutrition 
found for young wheat plants in this experiment seems to be of another type 
than that previously met with, in that the increase of the ascorbic acid 
begins already in the suboptimum nitrogen range. This has been found for 
very young leaves of kale plants, but the wheat leaves analysed were not 
in an actively growing state. 


v. Hausen (1936 p. 73) also found an initial rise of the ascorbic acid content (per 
g dry matter) of wheat plants grown for 44 days in nutrient solutions with increasing 
nitrate concentrations, and Balks & Pommer (1938) report a considerable decrease 
in the ascorbic acid content of the shoots of young wheat, oat, rye, and barley plants 
when grown in sand without nitrogen application. 

Giroud et al. (1936) report twice higher ascorbic acid content of oat- leaves from 
plants grown on fertile soil than from those grown on a more sterile soil, and Pfaff 
& Pfützer (1937) found increasing amounts of this substance in a mixed grass 
crop (»Deutsches Weidelgras») at increasing applications of NPK-fertilizer; the 
values were caluculated for 10 g dry matter. Wynd et al. (1945, 1946) studied the 
relations between the ascorbic acid content of dried leaves of oats and rye and the yield 
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of dry matter. They found a direct relation for oats but an inverse one for rye. For 
oat plants grown in nutrient solution Watson & Noggle (1947) report decreased 
ascorbic acid content when deficient in nitrogen. 

The previously found relationships between ascorbic acid content and nitrogen 
nutrition may also be found among the monocotyledons, however, as exemplified 
by the following results found by Sideris & Young (1947) for Ananas comosus: 
»Ascorbic acid, limited mostly to the chlcrophyllous regions of the leaves, varied in 
amounts between young or active and old or mature leaves. The amounts of ascorbic 
acid in the young or active leaves were greater for high-N cultures; but in the old 
or mature leaves they were greater for low-N cultures.» The »active» leaves are 
the longest ones of the plants, and it could possibly be so that the inverse relation 
between nitrogen nutrition and ascorbic acid content occurs at a later stage in the 
leaf development for monocotyledons than for the dicotyledons hitherto studied. 
For the plants with ammonium applications, however, the relations are not consistent 
for all sections of the »active leaves», the surplus of ascorbic acid for the high-N 
treatment not being apparent for the tip portion, while it is conspicuous for all 
parts of the »young leaves». 


71. Parstey 


Experiment C I comprised 64 containers, arranged as described on p. 293. At the 
sampling the north (N) and south (S) part of the experimental area was treated 
separately, each sample thus containing full-grown leaves from 8 containers. The 
results are presented in Table 22. No significant variation in the nitrogen content 
of the leaves was obtained, and the variability of the ascorbic acid values’ is 
comparatively great. On an average there is a rise of the ascorbic acid. content with 
increasing nitrogen fertilization, combined with a rise of the dry matter content. 
The significance of the minimum for group 7 on Jan. 25 is doubtful. 


Table 22. Ascorbic acid content etc. of parsley leaves from experiment C 1. 


NA Hana Dry matter | Nitrogen 
Plots a ICS" ue Site | nn 
No. | = : - — —— ee = - 
Jan. 10 Jane 25 Jan. 29 | Jan. 25 
; : Mare Te Average 
RE tes NAS BEN | S Nrydelts 
] | 
ONE E0 1215 220192 75 553183 12.6 oi 116 | 3.51 | 3.64 
12148 133 118. | 7129721277133 16.9 2 3.60 | 3.61 
4 | 148 146 138 | 133 | 141 17.8 18.1 | 3.70 3.98 
GB ok ae as) Sl ES | 117 |. 18.6 18.9 | 3.71 3.68 


Experiment M I was made with parsley plants of the same origin as in experiment 
C I. The cultural conditions (p. 292) were different, however. The light intensity 
was probably somewhat lower. The total amount of nitrogen applied per 1 soil 
or per plant was also lower, but the first application was made at an earlier date. 
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Table 23. Ascorbic acid, dry matter. and nitrogen content of parsley leaves from 
experiment M 1. 
Each sample composed of pieces from 30 leaf blades. Leaves from two plots (a + d and 
b + c respectively) were analysed together, on Febr. 2 with two replications. 


_ 


Ascorbic acid | Dry matter Nitrogen 


D Plots e 
| ate Ne mg per 100 g | g per 100 g &..per_ 100.8 
| fresh matter | fresh matter = Fr PRE ea 
| dry matter fresh matter 
| 
a, d 85 13.6 > 
er = En le 
| 
a, d 99 13312; 
ee Tees ge I = re ER | 
10 a, d 94 14.2 
4 ’ 5 
ER, re = | il te | 
+ COW 94 14.2 
16 Br 7 wii 102 a 14.1 
7 a | 
a, d | 96-98 | 14.9 = | 3.78 2 = 
pre 110, a 104 | Hae | eh 2 Da 
| 
| cd is OO OT | 13.3 | 3.83 | 2 
Pr cpepe fy res Mec en 101 ol 160 | das 3.65 0.58 
2 ad |) 9% 97 15.1 4.35 
N . J. . = 
BR 114, se 104 ar 15.9 | An 4.21 0.67 | 
| | 
EE 919298 | 15.4 . 4.59 ne | 
es 101, fic 102 N 159 | N 4.49 0.71 


A definite increase of the nitrogen content of the leaves from the plots No. 4 and 16 
was obtained, but the differences in the ascorbic acid and dry matter values were 
apparently not significant (Table 23). 

Experiment C III was arranged in order to find out if more consistent results 
could be obtained with parsley cultures grown in natural daylight only. The plants 
were grown in the containers from the sowing, and the nitrogen fertilization was 
heavier than in experiment C I. The results of the analyses are presented in Table 24. 


The first sampling (on May 3) was preceded by 5 cloudy days. The plants 
had 4—6 leaves; and one of the middle, full-grown ones from each plant was 
taken for the analyses. The leaves from the containers No. 16 were definitely 
greener than the others. On May 13 the sampled full-grown leaves were 
weighed and the following average values were found: 

Hertiliza tion LEV Clu an ag neue Man eat eu 0 1 4 16 
Ares Hiver he rae IIe TT EC CC oe 1.40 1.29 1.43 0.86 
On June 13 it was observed that the leaves of group 0 had assumed a lighter 
green tint than those of group 1, and that the darkness of the green gradually 
deepened to group 16, where the leaves were also shorter and more curled 


than for the other groups. 
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Table 24. Ascorbic acid, dry matter, and nitrogen content of parsley leaves from 
experiment C III. 


LT ————— een 


i i Nitrogen 
Picts Absorbic acid Dry matter dupes 10e | 
Date No. mg per 100 g | g per 100 g a 
fresh matter fresh matter dry matter | fresh matter 
a au mg ml Fe ee u 
0 114 | 12.3 4.73 0.58 
May 1 105 12.1 5.11 | 0.62 
3 4 121 | 13.3 5.19 | 0.69 
16 125 15.1 | 5.45 wu... Z 
0 229 18.5 2.98 | 0.55 
May 1 253 17.8 3.63 | 0.65 
13 4 245 18.5 4.11 | 0.76 
16 286 21.9 Ld e458 tg 1.06 
| 0 260 | 20.0 3.01 0.60 
May | 1 283 | 20.8 3.50 0.73 
SE ho 287 | 21.9 3.71 0.81 
i 293 26.6 4.48 1.19 | 
= 2 ee i x | 
0 | 221 | 19.9 | 2.39 0.48 | 
June 1 | 225 | 19.9 | 3.05 0.61 
ide à Kia 232 | 20.5 3.63 0.74 
ge 232 | 22.9 3.91 0.90 


Table 25. Relative values (group 0—100) for the ascorbic acid, dry matter, and nitrogen 
content of parsley leaves from experiment C III. 
Average values for 4 samplings. 


Bentilizationslevel ase. re 0 | 1 | 4 | 16 
PiAbsorbie acid’ ee ae 100} LE a eg | 113 
RAD bys MAR a ease 100 100 | 105 | 122 
| Nitrogen (in the fresh matter)...... | 100 | 121 | 139 | 183 | 


In this experiment the ascorbic acid values for group 16 are higher than 
those for group 0 in all cases, and the average values, calculated as shown 


in Table 25, give a regularly increasing series, as does also the values for the 
nitrogen content. 


Illyuviev & Ulanova (1937) grew parsley plants at four different nitrogen levels 
and found increasing amounts of ascorbic acid in the leaves with increasing applica- 
tions of ammonium nitrate. The values presented by Pfaff & Pfützer (1937) for 
parsley treated with increasing amounts of nitrogen fertilizer seem to be of question- 
able significanc?, and Ekman (1947) reports decreasing values at application of 


mineral NPK-fertilizer, while stable manure gave higher ascorbic acid content than 
that found for unmanured plants. 


Further experiments are apparently needed before anything can be said 
with certainty about the normal relationships between nitrogen nutrition and 
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the ascorbic acid content of the parsley plant, or about the causes of the 
differing results. 


The fleshy roots of Daucus carota (carrot) have also been the object of some 
studies from the present point of view (Pfaff & Pfützer 1937, Scheunert & Reschke 
1938, Dost & Schotola 1940, Janes 1946). No significant effects of nitrogen manuring 
were found. 


IV. The effect of sodium chloride 


Experiment W III. After experiment W II the soil of the bed was changed and 
lettuce seedlings were planted in the plots on Sept. 26, 1946. On Oct. 11 and Nov. 1 
sodium chloride was applied in the relative amounts 0, 1, 5, 25, and 50, the last 
amount being equal to a total application of 182.5 g NaCl per plot. The sampling 
was done on Nov. 7 and Nov. 22. No conspicuous variation in the weight of the 
full-grown leaves or their ascorbic acid content was apparent (Table 26) with the 
exception of an increase of the ascorbic acid (and dry matter) content for plot No. 50 
on Nov 22. No differences in the appearences of the plants were noted, the only 
exception being some local leaf injuries on plot. No. 50, probably caused by droplets 
of the NaCl-solution at the application. 

In the following summer some experiments on the effect of salt solutions upon 
the growth of timothy grass (Phleum pratense L., var. »Gloria») and spinach (var. 
»Viking») were made by Mr. Torsten Adolfsson, Agr. Lic., who was kind enough 
to put some of his results at our disposal. The ascorbic acid content of the leaves was 
determined for two series of cultures and the results are presented in Table 27. 
Mitscherlich containers, placed in the large glass house of the institute (p. 293), were 
used for the cultures, and the salt content of the soil solution was continually 
controlled and adjusted. 


Table 26. Ascorbic acid content etc. of lettuce leaves from experiment W Ill. 
. mm m nn 


| 
Plot Average fresh weight Ascorbic acid | Dry matter 
Date a of the leaves, g mg per 100 g g per 100 g 
i n= 16—35 fresh matter | fresh matter 
Le 2 er A ee I ur 
0 1.0 15 5.0 
1 1.0 14 4.8 
Re: 5 0.8 15 4.9 
2 25 1.0 14 1.9 
50 1.0 re Dr ae Key: 
0 1.1 15 4.5 
1 1.2 12 4.1 
Nov. 5 0.9 14 4.6 
4 25 0.9 14 4.6 
50 1.0 20 Ded 


21 
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Table 27. Ascorbic acid content etc. of spinach and timothy leaves. 

Plants grown with different applications of sodium chloride: 0: tap water, 1: 2.38 g NaCl/l, 
2: 4.76 g NaCl/l, 2’: water from the Baltic with the same specific conductance as 2, 
4: 9.52 g NaCl/l. 

Each treatment. comprised 10 containers. Spinach plants, ten per container, were treated 
from June 18, when 8 days old, to July 9. The timothy plants were sown on April 15, 
cut down on June 4, and treated with the salt solutions from June 6 to June 26. 


| Fresh weight Ascorbie acid Dry matter | Sodium 
Plant Treatment g per mg per 100 g  g per 100 g | mg-atoms per 
| container fresh matter fresh matter | 100 g dry matter 
| 
0 19.0 92 | 11.4 5 
1 27.3 54 | 9.1 62 
Spinach 2 31.0 43 8.2 252 
2 25.6 14 | 8.6 94 
i 4 21.8 | 35 | 8.4 193 
0 67.2 71 20.0 7 
| 1 54.4 ra 22.4 | 6 
Timothy | 2 49.0 70 22-1 17 \ 
| oy 17.4 72 | 397 14 
| 4 32.1 | 65 24.0 | 61 | 


For timothy only a small depression of the ascorbic acid content at the 
highest salt concentration was obtained. For the spinach leaves, on the other 
hand, there was a strong and continuous decrease of the ascorbic acid values, 
accompanied by a decrease of the dry matter content. It was noted that the 
freshness of the green coloration was diminished, and the thickness and 
succulence of the leaves was considerably increased at the higher salt 
applications. 

No detailed explanation of the different behaviour of the different plants, 
or of the decreased ascorbic acid content of the spinach leaves is possible at 
present, but it seems probable that the last phenomenon is of an indirect 
nature, caused by the structural changes induced by the sodium chloride, 
rather than by direct effects of this salt on the ascorbic acid metabolism. 


V. Discussion 


In discussing the effects of nitrogen nutrition upon the ascorbic acid 
content of green plants it is necessary to treat the different organs separately, 
and further, to bear in mind that the effects may be different for different 
developmental stages. Consequently we begin our discussion with the facts 
available for full-grown, green leaves and confine ourselves at first to the 
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sub-optimum range of nitrogen nutrition, where increased fertilizer applica- 
tions also increase the vield. 


Under the circumstances there is generally a decrease in the ascorbic acid 
content of the leaves. This has been shown for spinach, Swiss chard (see 
p- 300), lettuce, radish, kale, turnip greens (p. 306), tomato, potato (p. 311), 
Tribulus terrestris (Zygophyllaceae; Finch et al. 1945), and pineapple (p. 
316). The decrease in the ascorbic acid content is often, but not always, 
accompanied by a decrease of the dry matter and an increase of the nitrogen 
content. In considering the possible causes of the phenomenon two different 
lines of thought may be followed. 


One of these originates from the observed correlation between ascorbic 
acid and dry matter content, which has previously been emphasized by Janes 
(1944, 1946). The increased water content or »succulence» of plants receiving 
high nitrogen applications has been repeatedly found (Turner 1922, Miller 
1938 p. 643), and Pearsall & Ewing (1929) also tried to give an explanation 
based on the increased amount of amino acids and the slightly rised pH-value 
of the sap, which factors lead to an increased swelling of the tissues and 
to a decreased transpiration. It is conceivable that these circumstances may 
be of importance, but other causes, e.g. the higher sugar and starch content, 
the smaller cell size (Sorauer 1897, Pearsall & Ewing 1929 p. 32) and the 
greater thickness of the cell walls (Nightingale 1937 p. 153, 154) in nitrogen- 
deficient plants may also contribute to the same end (cp. Ekdahl 1944 p. 36). 
Consequently, it is not very probable that the increase in the water content 
of the tissues is a sort of »dilution» of a given set of cell constituents, but 
rather that it is a result of metabolic and growth changes, which also lead 
to a diminished content of ascorbic acid. 

In either case the correlation of ascorbic acid and dry matter content will 
give no sufficient »explanation» of the phenomenon under discussion. From 
Fig. 3, 5 and 7 it is apparent that there is no proportionality between 
ascorbic acid and dry matter content. When presented in this manner the 
material also shows the variation caused by the changing light conditions, 
which can be eliminated, however, by the use of relative values calculated 
for each sampling date. From the values given on p. 297 and from Fig. 2 
and 4 it is apparent that the more rapid decrease in ascorbic acid than in dry 
matter content remains after such a correction. In some cases the initial 
decrease in the ascorbic acid content may even be accompanied by an 
increase of the dry matter, e.g. lettuce (Table 7), tomato (Table 16: July 23 
and 30). On the other hand, the effect of sodium chloride upon spinach 
leaves (Table 27) gives us an example where the »structural» factor (the leaf 
suceulence) has probably played a very important role in determining the 
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ascorbic acid content, and warns us not to underrate such circumstances 
even if the causal connections are not known. 

A morphological factor which may sometimes be of importance, is the 
richer development of the foliage after the application of nitrogen fertilizers, 
which may result in increased shading of some leaves by others (Hamner et 
al. 1945 p. 95). In the present experiments great care has been taken to avoid 
such disturbances by selecting only well exposed leaves for the samples and 
by a liberal spacing of the plants. 

The other line of thought starts from the possible relations between ascorbic 
acid metabolism and the carbohydrate-nitrogen balance in the plant (Reid 
1942 p. 217, Jones et al. 1945 p. 472). In some way or other the ascorbic acid 
synthesis must be connected with the carbon dioxide assimilation, may it 
be with glucose as an intermediate step, or more directely as a side track 
from earlier stages in the photosynthetic process (cp. Äberg 1946 p. 265). 
In either case a liberal supply of nitrogen may reduce the necessary raw 
material, and thus limit the ascorbic acid synthesis by stimulating other 
competitive synthetic. processes (Burström 1945 b p. 16, 57, 67; Nightingale 
1937 p. 136, 155, 1948 p. 199). Jones et al. (1945) also point to the fact that 
the greater rate of respiration induced by higher nitrogen supply may cause 
a more rapid consumption of the ascorbic acid. Another process which may 
be of special importance for full-grown leaves is the probable translocation 
of the ascorbic acid from these organs to young, growing ones (Aberg 1946 
p. 256). With increasing nitrogen supply the developmental rate is usually 
increased; the rate of the transport of ascorbic acid to the growing organs 
may then be increased too. 

The last assumption leads us to a brief consideration of the function of 
ascorbic acid as a growth factor in higher plants (cp. Giroud 1938 p. 152, 
Saubert-v. Hausen 1948). The assumption that, for a given set of temperature 
conditions, the ascorbic acid content of young growing organs is intimately 
connected with their growth rate, is apt to throw light over different pheno- 
mena. For increasing light intensities it is thus found that the ascorbic acid 
content of the young leaves rises more rapidly than for the full-grown ones 
in the low light range; simultaneously the rate of leaf development increases 
(Aberg 1946: exps. IV and V). For increasing nitrogen applications we have 
found increasing (kale) or constant (spinach) amounts of ascorbic acid in the 
young leaves, while the full-grown leaves show decreasing amounts; also in 
this case the rate of leaf development increases (Tables 12, 13, and 3). 
Different behaviour of young and mature leaves is also reported for the 
pineapple plant (see p. 316). The young shoot tips of asparagus show higher 
antiscorbutic potency after nitrogen fertilization (Fellers et al. 1934). 
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Mapson & Cruickshank (1947) determined the ascorbic acid content of 
cress seedlings grown in single salt solutions, and found very low values 
for plants treated with some ammonium salts like NH,CI and (NH,).SO,, 
while NH,NO, and NH,HCO, gave weak or inconsistent effects; sodium and 
potassium salts (nitrate, carbonate, acetate, etc.) gave seedlings with increased 
ascorbic acid content. The authors suggest »that the factor determining the 
extent of synthesis of ascorbic acid is the amount of base becoming available 
to the plant after metabolic change». These interesting results must not be 
generalized — for young wheat plants Burström (1945 a) found malic acid 
to be the main regulator in this respect — but the possibility of such effects 
should be observed also in interpreting the results obtained with better, 
though perhaps not fully, balanced nutrient solutions. 

It remains to consider the exceptions from the general rule of an ascorbic 
acid decrease in full-grown leaves at increasing nitrogen applications. Partly 
there are exceptional species, but partly an abnormal behavior can appear 
for plants which usually follow the rule. These latter occasions seem to give 
a certain support to the metabolic interpretation already discussed. If this 
view is correct, it is probably safe to assume that the depressing effect of 
nitrogen applications upon the ascorbic acid content should be most pro- 
nounced at low rates of carbon dioxide assimilation, while it could perhaps 
be eliminated by an ample supply of the primary photosynthetic products 
(cp. Reid 1942 p. 217). For one of the exceptional situations found for tomato 
(exp. M IV: July 10) it has already been emphasized that it is associated 
with an exceptionally high ascorbic acid and dry matter content, suggesting 
an unusually high assimilation rate (p. 309). Also the situation on Oct. 25, 
experiment C IV, could be quoted in this connection. 

The exceptional species are mainly found within the grass family (p. 315). 
A connection with the usually high sugar content of these plants is possible, 
but the available data are to scanty to permit a detailed discussion. The same 
is valid for the parsley plant also (p. 318). For the pea plant v. Hausen (1936) 
reports strongly increasing ascorbic acid values (per g dry matter) with 
increasing nitrate concentrations up to the optimum concentration. Whole 
shoots or plants were analysed, however, and the effects of possible differ- 
ences in the stem/leaf ratio etc. are difficult to estimate. 

It is probable that the increased ascorbic acid content prevailing in the 
full-grown Jeaves of many nitrogen-deficient plants can be changed into a 
decreased content when the deficiency symptoms become more pronounced. 
Bernstein et al. (1945 p. 560) thus report relatively high ascorbic acid content 
for nitrogen-deficient turnip greens grown in the sand cultures of exp. II, 
while the corresponding cultures of exp. I gave plants significantly lower 
in ascorbic acid than normal plants (l.c. p. 555). In this experiment the 
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plants were harvested at a later stage of growth than in exp. II, and the 
nitrogen-deficient plants were chlorotic and reddish in colour. 

The general rule found for the full-grown leaves seems also to be valid 
for mature fruits (p. 310). The decrease in the ascorbic acid content caused 
by nitrogen applications may be due to the structural and metabolic factors 
already discussed, but partly it may also be a reflection of the circumstances 
prevailing in the leaves, from which part of their ascorbic acid is probably 
derived (Zepkova 1945, Aberg 1946 p. 268). The possible effects of a more 
richly developed foliage on the sun exposure of the fruits must be noticed. 

For underground storage organs like radish tubers (p. 304), carrots (p. 319), 
and potatoes (p. 310) no significant and consistent effects of nitrogen 
applications lying within the sub-optimum range have been found. Further 
investigations are needed to elucidate the conflicting results obtained for 
potato tubers. The importance of the developmental stage for the nitrogen 
effects have not been studied, either for such storage organs or for fruits. 

The depressing effect of high nitrogen applications on the growth of roots 
is well known, and has been explained as dependent on a diminished supply 
of carbohydrates which are rapidly consumed in the shoot (Turner 1922. 
Nightingale 1937 p. 153, 1948 p. 195). This phenomenon is apparent for the 
radish tubers of exp. E II and for the wheat plants grown in water culture 
(Table 21). 

For the supra-optimum nitrogen applications causing a depression of the 
shoot growth also, the situation seems to be more complex and incompletely 
known. Stuart (1932) reports dwarfing effects of excessive amounts of sodium 
nitrate for young apple trees. Leaf injuries occurred as a gradually extending 
tip burn, and were accompanied by the presence of nitrate which was not 
detectable in the leaves of the control trees. Work (1924) studied the effect 
of increasing applications of nitrate of soda on the tomato plant. The decline 
of the green weight of the tops in the supra-optimum range was very slight, 
however, and no very high nitrogen values were obtained (maximum value: 
0.39 g per 100 g fresh leaves). The plants from the heavier treatments suffered 
semewhat from wilting ever since they were planted. They were very dark 
green and their leaves showed a marked tendency to curl (Lc. p. 12). The 
concentration of the nutrient solution was higher than that necessary to 
plasmolyze the plant tissues, and the author concludes »that nitrate of soda 
in heavy amounts checks growth through its effect as an osmotic agent, not 
as an active plant poison» (Le. p. 45). In the present experiments a more 
active uptake of nitrogen was obtained by the use of ammonium nitrate 
instead of sodium nitrate (cp. the nitrogen values of Table 16 or 20), and 
the plants never showed any signs of wilting or of leaf burn. The situation 
is thus different from that prevailing in Work’s experiments, but perhaps 
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the osmotical factor has been of importance here too, acting directly on the 
growth processes and perhaps indirectly through a depressing effect on the 
nitrogen utilization (cp. Nightingale 1948 p. 196). Further studies as to the 
metabolic situation on the whole at supra-optimum nitrogen applications 
are needed before anything definite can be said about the cause of the 
increased ascorbic acid content of the leaves. The same is valid also for the 
radish tubers (Table 9) and tomato fruits (Table 17) where indirect effects 
caused by differing developmental stage and by differing size must also be 
considered. 


VI. Summary 


Spinach, lettuce, radish, kale, tomato, wheat, and parsley plants have 
been grown at various levels of nitrogen fertilization, mainly in soil culture 
with different applications of ammonium nitrate. The ascorbic acid, the dry 
matter, and the nitrogen content of the leaf blades (and of the radish tubers 
and tomato fruits) have been determined. The chief results are as follows: 


1. In the sub-optimum fertilization range (where the yield increases with 
increasing nitrogen application) there is generally a slight decrease in the 
ascorbic acid content of the full-grown leaves, which is associated with 
a decrease in the dry matter content and an increase in the nitrogen 
content. 


ID 


In the same range the young, growing leaves may show a fairly constant 

(spinach) or increasing ascorbic acid content (kale). 

3. In the supra-optimum fertilization range (yield decreasing with increasing 
nitrogen application), on the contrary, the ascorbic acid and dry matter 
‘content of the leaves increases, while there is a further increase of the 
nitrogen content. 

4. For wheat and parsley no initial decrease of the ascorbic acid content 
could be shown. 

5. It is suggested that the cause of the initial decrease of the ascorbic acid 
content could be either of an indirect nature, i.e. to be sought in the 
structural changes of the leaves, or that it could be more directly connected 
with the nitrogen effects on the carbohydrate metabolism. A rich nitrogen 
supply is then thought to depress the amount of photosynthetic products 
available for the ascorbic acid synthesis. Another factor of importance 
is possibly the translocation of ascorbic acid to the young growing leaves, 
which is probably more intense in the rapidly developing plants with 
optimum nitrogen supply. 
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6. The ascorbic acid content of the young, growing leaves seems to rise with 
the developmental rate, thus suggesting a function of the ascorbic acid as 
a growth factor. 


7. Spinach plants treated with increasing amounts of sodium chloride, show 
a rapidly decreasing content of ascorbic acid, while the succulence of 
the leaves increases. This experience emphasizes the importance of struc- 
tural factors in determining the ascorbic acid content. 


8. The physiology of over-fertilized plants is as yet incompletely known, and 
it can only be suggested that the osmotic factor is partly responsible for 
the increasing content of ascorbie acid and dry matter in the leaves of 
those plants. 
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Introduction 


In nutrient solutions lacking some indispensable constituent, so called 
»starvation substrates», conidia of Ophiostoma multiannulatum gradually 
die. In an earlier paper (Fries 1948) it has been shown that, when the 
percentage of living conidia decreases in such a culture, the percentage of 
physiologically deviating conidia increases in the surviving part of the popula- 
tion. The deviating conidia here referred to are those which in relation to 
the mother type represent physiological mutations, implying the loss of the 
ability to perform a certain biosynthetic process. These mutant conidia thus 
represent a higher degree of heterotrophy. Since certain facts spoke against 
the assumption of an induction of mutations taking place in the starvation 
cultures, the interpretation was suggested that the mutant conidia, because 
of their more pronounced heterotrophic nature, possessed a greater viability 
than the unmutated conidia and therefore they were gradually enricned 
in the starvation cultures. 

Almost all of the experiments in the investigation referred to were per- 
tormed with various hypoxanthine- or adenine-requiring mutant strains as a 
starting material. Thus, the mutants enriched in these starvation cultures 
were, in reality, secondary mutations. One experiment only (No. 11) was 
made with a suspension of wild type conidia, and in this case 2 mutants 
were obtained. In none of the reconstruction experiments were wild type 
conidia tested. 

To test the validity of the interpretation, mentioned above, experiments 
— starvation culture as well as reconstruction experiments — have now been 
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made with wild type conidia, too. Furthermore the question has been dealt 
with, as to whether there is any difference between wild type and physio- 
logical mutants regarding their resistance against mutation-inducing treat- 
ments. 

Since the technique used in the mass isolations of monoconidial mycelia 
has not earlier been described, a description is now given of this procedure. 


Material and Methods 


In all experiments described in this paper the same wild type strain of 
Ophiostoma multiannulatum has been used, namely No. 11, in most cases 
combined with some other, physiologically different strain of this fungus. 
All the strains belonged to the same mating type, +. The arrangement of 
inoculation and starvation cultures, etc. agreed completely with that described 
earlier (Fries 1948, p. 339). 

In order to isolate physiological mutations of Ophiostoma multiannulatum 
I have during the last years, according to circumstances, adopted one of the 
two methods, called »concentration» and »total isolation». The former which 
implies an enrichment of the mutant conidia by means of a filtration proce- 
dure, is briefly described earlier (Fries 1947). As to the latter method, which 
has been used in Several investigations, no particulars have been given as 
yet, and therefore it seems suitable to present a description of it in this paper. 

The »concentration method» has successfully been adopted in mutation 
experiments of various sorts (cf. also Hockenhull 1948). Since it does not 
exclude the eventuality of eliminating some of the mutants, however, there 
might be a certain risk of using it in such cases as where conclusions will be 
based upon the qualitative composition of the mutant yield obtained. In the 
experiments described in this paper I have therefore adopted the »total 
isolation method», in which the monoconidial mycelia to be tested are picked 
at random from the plates without any pre-treatment of the conidial 
suspension. 

The procedure can be devided into the following six successive moments 


(Fig. 1). 


1. Plating out of the conidial suspension in a complete agar medium. The conidial 
suspension which is to be tested as to its content of mutant conidia is plated out 
in plates of so called complete agar medium, consisting of modified medium 3 
(glucose 20 g, NH,-tartrate 5 g, KH,PO, 1 g, MgSO,.7H,O 0.5 g, NaCl 0.1 8, 
CaCl, 0.1 g, ZnSO, - 7 H,0 4.43 mg, MnSO, -4 H,0 4.05 mg, FeCl, - 6 H,0 4 mg, 
thiamin 40 y, pyridoxin 40 y, distilled water 1 liter) + hydrolysed casein 0.25 °/0 
+ malt extract (Vitrum) 2.5 °% + yeast extract (Difco) 0.25 °/o + agar 1.5 9/0. 
Before plating, the suspension is eventually diluted, so that c. 50 living conidia may 
be present in the volume (1 ml.) of water pipetted into each petri dish. Since the 
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Fig. 1. A schematic illustration of the isolation of physiological mutations according to the 

»total “isolation method», Of twenty isolated monoconidial mycelia two turn out to be 

possible mutants, and one of them is finally established as a real mutant. For particulars 
see the text. 
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Fig. 2. The inoculation needle used for the transfer 
of conidia from the mycelia on complete agar me- 


dium to minimal agar medium. Only a part of the 
holder delineated. X 1 1/2. 


percentage of living conidia in the suspension is often not precisely known, a 
number of different dilutions has usually to be prepared, and from each one, 10, 
20, 30, or more plates depending on the circumstances, are made. The complete agar 
medium is poured out into the petri dishes at a temperature of + 42° C immediately 
after pipetting the conidial suspension into the dishes. The amount of agar medium 
per plate is c. 12 ml. When the plates a few minutes later have solidified, they are 
placed in an incubator at + 25° C. 

2. Transfer of monoconidial mycelia to minimal agar medium. Three, sometimes 
four, days later all living conidia present in the plates and capable of developing, 
have germinated and produced monoconidial mycelia with a diameter up to 5 mm. 
Because of the thinness of the agar layer all mycelia have already early reached the 
surface, where then masses of conidia are rapidly produced. Conidia are usually 
formed on the submerged hyphae, too. 

From those plates that do not contain more than 60 to 70 mycelia — preferably 
less than 40 — all indubitable monoconidial mycelia are transferred to new, sterile 
plates of minimal agar medium (=modified medium 3 + 1.5 °/o thoroughly washed 
agar) in order to weed out the non-mutants. To that end a number of inoculation 
needles were used, each of which consisted of two 0.6 mm. thick chrome-nickel 
wires spirally twisted around each other, and attached to an ordinary »Kolle 
holder» (Fig. 2). When such an inoculation needle is dipped into one of the mycelia 
on the agar plate with complete medium the hyphae are torn asunder, and masses 
of conidia (together with fragments of hyphae) stick fast to and between the two 
chrome-nickel wires. The inoculation needle is then dipped into an agar plate with 
minimal medium, and, by doing so, a great number of conidia loosen, remaining 
in the scar which the needle makes in the agar surface. Thus conidia from 20 
monoconidial mycelia are transferred to each agar plate with minimal medium. 
During this transfer the agar plate is placed on a square-ruled paper for the purpose 
of securing a regular arranging of the different conidial portions since these have 
to be placed at a distance of 14 to 18 mm. from each other. 

It is of course necessary to avoid a transfer of conidia from one and the same 
mycelium twice, nor should there be any possibility of inoculating conidia from 
two different mycelia on the same spot (i.e. in the same square) of the agar plate 
with minimal medium. Both of these risks are eliminated by dipping the (double) 
point of the inoculation needle in a sterile water solution of methylene blue before 
using it for the transfer. In this way each picked mycelium gets marked with a 
blue spot in the centre, and on the minimal agar medium each transferred portion 
of conidia consequently also gets marked in this manner (and by the scar in the 
agar surface). No injurious effect of the methylene blue solution on the germinative 
power of the conidia could ever be noticed. | 

By aid of this method the transfer of a monoconidial mycelium takes 6 to 8 
seconds. The sterilisation of the inoculation needle just used is performed auto- 
matically in an apparatus of a simple construction, in which 6 needles are at the 
same time sterilised on a burner and then cooled. In this way a sterile and cool 
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needle is delivered at the same moment as the one just used is put back into the 
apparatus for sterilisation. 

3. Transfer of possible mutants to malt agar plates. On the plates of agar with 
minimal medium it is then revealed, which of the transferred monoconidial mycelia 
are physiological mutants, and which represent the wild type. The conidia of the 
latter develop normally growing mycelia rather rapidly, those transferred from the 
former, on the other hand, remain ungerminated or develop a few very slowly 
growing hyphae. All inocula of this last-mentioned type, preliminarily called »pos- 
sible mutants», are cut out from the agar plate and transferred to a malt agar 
plate, where the conidia can grow out into mycelia. 

4. Transfer of possible mutants to liquid minimal medium. To decide definitely 
which of the isolates represent clear-cut mutations, an inoculum is transferred 
from each of the »possible mutant» mycelia on the malt agar plates to a bottle 
or a flask with liquid minimal medium (—modified medium 3). There in some 
cases a slow growth will occur. Such isolates are rejected. Those inocula, however, 
from which no hyphae have developed even after 10 days, or where a certain, 
but soon ceasing, growth has taken place, are considered real mutants. 

5. Transfer of mutants to culture tubes. Each inoculum of this last-mentioned 
sort is transferred to a slanted culture-tube with complete agar medium, and labelled. 

6. The analysis of the physiological character of each mutant is performed 
principally according to the same scheme as Beadle, Tatum, and co-workers have 
used in experiments with Neurospora (e.g. Beadle & Tatum 1945). 


By aid of the above described procedure, it is possible to isolate 500 to 
600 monoconidial mycelia an hour by transferring them to minimal agar 
medium. Two or three days later one can distinguish those isolates which 
do not grow, or grow poorly, on this medium, and perhaps half of these 
turn out to be real mutants. Since only 20 monoconidial mycelia can be 
placed on one and the same agar plate, the supply of petri dishes will be 
the limiting factor for the isolation experiments. Hence I have not been able 
to isolate more than 5000 monoconidial mycelia (which corresponds to. 250 
petri dishes) from one single plating, a number, however, that renders it 
possible to indicate the presence of even a relatively low percentage of 
mutants in the material. 


Viability and Degree of Heterotrophy 


In order to examine whether there exists any difference as to the viability 
in starvation culture between conidia of the wild type and mutant conidia, 
»reconstruclion experiments» were arranged of the same sort as those earlier 
performed with No. 870 (hypoxanthine-less) and No. 1747 (hypoxanthine- 
arginine-less). Conidia of No. 11 (wild type) were mixed with conidia of No. 
1110 (uracil-less), No. 1202 (adenine-less), or No. 1546 (lysine-less), and 
thus a series of mixed suspensions was obtained, each containing per ml. 
500,000 conidia of No. 11, and 500,000 conidia of the mutant type in question. 
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Fig. 3. The viability in starvation culture of two sorts of conidia: No. 11 (wild type) and 
No. 1825 (hypoxanthine-less). — a: percentage living conidia of all conidia; b: percentage 
living mutant conidia (No. 1825) of all living conidia. 


One ml. of each mixed suspension was transferred to a slanted malt agar 
tube. As soon as a conidia-producing aerial mycelium had developed, a piece 
of it was inoculated into a test tube with 10 ml. of liquid complete medium. 
This tube was incubated in a shaker at +25° C, and there a conidial culture 
soon developed which was supposed to contain conidia of both of the two 
types originally mixed. This culture was filtered through sterile cotton wool, 
washed 3 times by centrifugation and diluted until it contained 1 million 
conidia per ml. (of distilled water). From each such washed conidial sus- 
pension 1 ml. was transferred to a shaker tube with the starvation substrate, 
consisting of liquid minimal medium without B, and B, (which are essential 
vitamins for the growth of Ophiostoma multiannulatum). 

The starvation cultures obtained in this way proved, however, to contain 
only conidia of the wild type, No. 11, at least as far as could be inferred 
from the platings. These cultures could consequently not be used as a material 
for selection studies. The failure was probably due to the fact that strain No. 
11 which had been used in numerous experiments and often reinoculated, 
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possessed a higher general vitality (a higher growth rate, more vigorous 
conidia formation, etc.) than the mutant strains combined with this strain. 
Owing to that, No. 11 had become absolutely predominant in the mixed 
cultures. 

À good mixed culture was obtained, however, by means of the procedure 
just described, when No. 11 was combined with No. 1825 (hypoxanthine- 
less), a vigorously growing mutant strain isolated merely a couple of months 
earlier as a spontaneous mutation from No. 11. Of the conidia in the mixture 
— and consequently in the starvation culture — No. 1825 represented 2.6 °/o; 
No. 11, 97.4 °o. This ratio was then gradually changed in favour of the 
mutant type (Fig. 3). After 10 days No. 1825 constituted 19.7 °/o, after 20 
days 51.3 °/o, and after 40 days, finally, 99.2 °/o of all the conidia still living. 
At that time the percentage of living conidia in the starvation culture had 
decreased to 2.0 °/o from originally almost 100 9/0. 

Consequently, this reconstruction experiment shows, in accordance with 
similar experiments earlier performed with other strains, that the more 
heterotrophic conidia of No. 1825 are more viable in a starvation culture 
than the wild type conidia of No. 11. 


A Starvation Culture Experiment with Wild Type Conidia 


In all starvation culture experiments hitherto made — except one — the 
conidia have been derived from strains requiring hypoxanthine or adenine. 
In the only experiment where wild type conidia were tested, only 2 mutants, 
both of them inositol-less, were obtained amongst 4996 monoconidial mycelia 
isolated, i.e. 0.04 °/o mutants. In the starvation cultures with hypoxanthine- 
or adenine-less conidia the yield of mutants was usually considerably greater. 
This might be explained by assuming that the selection process proceeded 
faster in the latter case than in the former, but other interpretations are 
conceivable. In order to see if am enrichment of mutant conidia also occurred 
in a starvation culture with wild type conidia, a long time experiment was 
arranged in the following way. 

Wild type conidia from a 2 days old vigorously growing conidial culture 
of No. 11 in a shaken test tube with liquid complete medium were washed 
3 times by centrifugation. The starvation substrate consisted of modified 
medium 3 without the vitamins B, (thiamin) and B, (pyridoxin). To 
the tube with 9 ml. of this solution 1 ml. of distilled water was added, 
containing 10 million of the washed conidia just mentioned. The tube was 
then put into a shaker at + 25° C. At certain intervals 0.5 or 1 ml. was taken 
out from the culture by means of a pipette, diluted, and plated out in agar 
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Table 1. Mutants of Ophiostoma multiannulatum obtained from starvation cultures. Strains 
tested: No. 870, hypoxanthine-less (values summarized from Fries 1948, p. 342, Table 2), 
and No. 11, wild type. 
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plates with complete medium. From these plates the monoconidial mycelia 
were then isolafed for further examination. 

Table 1 shows that the percentage germination decreased during the course 
of the experiment, at first rapidly, later on more slowly, so that after 50 days 
3.8 °/o of the conidia were still alive. In the platings made after 30, 40, 45, 
and 50 days very few mutants appeared, viz. c. 0.2 °/o. When after 70 days 
the percentage of living conidia had dropped to 0.9 °/o, however, 12 mutants 
were obtained from 1549 isolated mycelia (0.77 °/o), and after 100 days, 
finally, when still 0.6 °/o of the conidia were alive, 14 mutants were obtained 
from 1760 isolated mycelia (0.80 °/o). 

The result of the experiment offers good support to the assumption of 
mutant conidia being more viable than unmutated ones. As, no doubt, a 
certain part of the originally present mutant conidia also had died, it is 
impossible, however, to base any calculations on the figures obtained in the 
platings in order to find out the original percentage of mutant conidia in the 
starvation culture, i.e. in the inoculation material. 

As to the qualitative composition of the mutant yield, this may be 
assumed to picture — very roughly — the state of things in the inoculation 

culture. Since the substrate there consists of a complete medium, spontane- 
ously arising mutant conidia are enabled to multiply side by side with the 
unmutated conidia of the wild type. What percentage these mutant conidia 
will amount to in the final inoculation culture depends, of course, on the 
relative growth-rate of the clones in question — a rate, however, that may 
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as a rule be assumed to be below that of the wild type. A very important 
circumstance, perhaps decisive for the composition of the inoculation culture, 
is the point of time of the occurrence of the various spontaneous mutations. 
A mutation taking place early in the growing conidial culture must be more 
numerously represented as a clone in the final conidial population, than a 
mutation occurring in some of the last cell-generations. The probability that 
a very common sort of mutation occurs first is certainly the greatest, but for 
a certain conidial culture no definite prediction can be made. It is to be 


expected that different inoculation cultures — and consequently also dif- 
ferent starvation cultures — contain the various types of mutations in con- 


siderably different proportions. 

An analogous reasoning and supporting experiments have been published 
by Luria (Luria & Delbriick 1943, Luria 1946), who worked with cultures of 
Escherichia coli, where mutations to phage resistance occurred spontaneously 
with a rather low frequency. The great fluctuations as to the percentage of 
mutants in parallel and identically arranged bacterial cultures were con- 
sidered an evidence for the spontaneous character of the mutations. 

The result of the experiment with No. 11 just described and some earlier 
experiments (Fries 1948, p. 342) with No. 870 may be regarded as a sort of 
»fluctuation test», which supports the assumption of the isolated mutants 
having arisen as spontaneous mutations in growing inoculation cultures. 
In this case, however, it is the question of fluctuations, not only concerning 
the ratio wild type/mutant (as in Escherichia coli), but also and primarily 
as to the proportions between the different fypes of mutants. In Table 1 
the results of the three biggest starvation culture experiments so far made 
are summarized, each having yielded at least 20 mutants. As appears from 
the table, the first experiment mainly gave arginine-less, the second methio- 
nine-less, and the third niacin-less mutants. 


The time which was required, before the enrichment of mutant conidia 
appeared clearly in the last mentioned starvation culture, was unexpectedly 
long: 70 days. This was obviously a consequence of the high viability of the 
unmutated conidia in this case. It is possible that hypoxanthine-less conidia 
in a hypoxanthine-free medium generally have a shorter life-time, which 
the experiments with No. 870 might indicate; but the factors controlling the 
rapid or slow dying off of the conidia are not yet analysed. That also conidia 
of the wild type can die fast in a starvation culture appears from the recon- 
struction experiment described on p. 336. 

In some cases the starvation culture experiments have yielded percentages 
of mutants equal to those obtained in irradiation experiments. As to this, 
however, it must be remembered that in the former cases several or perhaps 
all mutants of the same genolype may represent one and the same clone, 
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and are consequently to be regarded as the result of one single mutation: 
in Ihe latter cases, on the other hand, all mutants, even the genctypically 
identical ones, are always representatives of different, independent mutations. 
It is obvious, however, that the easiest way of obtaining a collection of 
physiological mutations is just to start a series of starvation cultures and then 
simply wait until the percentage of living conidia in the cultures has decreased 
to a sufficiently low value (preferably below 1 °/o). The spontaneous muta- 
tions, duly enriched, can then be picked up without too extensive platings. 


Resistance and Degree of Heterotrophy 


Whatever the factor or factors may be through the influence of which the 
conidia in a starvation culture are gradually killed, it seems evident, however, 
that the more heterotrophic mutant conidia are more resistant against this 
influence. This fact I would associate with the profounder state of rest in 
which these conidia are forced (Fries 1948, p. 349). The question is then 
near at hand: Are the mutant conidia on the whole more resistant to various 
sorts of injurious influences? This being the case, should then the mutagenic 
effect of certain chemicals in reality be interpreted as a selection, a dif- 
ferential killing? 

Such a reflection is not new, analogous ideas have earlier been forwarded 
in various other connections and concerning other subjects. I will only remind 
of Nilsson’s (1931, 1932) and Muller’s (1932) interesting discussion on x-ray 
induced mutability, chiefly based upon experiments with Drosophila and 
Oenothera, and — to take a more recent example — the discussion caused 
by Witkin’s (1947) investigation on a chemically induced mutation in Esche- 
richia coli. 

To my mind it seems out of the question that irradiation should bring 
about a selective enrichment of mutants in Ophiostoma, int. al. because of 
the similar composition of the yield of mutations in different irradiation 
experiments. As to mutagenic chemicals, on the other hand, a selection in 
favour of mutants with a higher degree of heterotrophy would be at least 
theoretically: conceivable. If for instance a certain toxic substance had a 
stronger influence upon vigorously metabolizing conidia than upon conidia 
in a state of relative rest, such a condition of things might bring about a 
differential killing, and the substance in question would — although errone- 
ously — be called a mutagen. 

As to Ophiostoma, the material available for a judgment in this matter 
is still very limited, but there nothing seems to speak in favour of the 
existence of such a selection. Allyl isothiocyanate (mustard oil), which 
according to Auerbach and Robson (1944) induces mutations in Drosophila, 
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Table 2. Mutants of Ophiostoma multiannulatum obtained after treatment 
with nitrogen mustard. 
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seems to act as a weak mutagen also in the case of Ophiostoma. The mixture 
of conidia, No. 11+ No. 1825, part of which was used in the reconstruction 
experiment described above (p. 336), was subjected to the action of a strong 
solution of allyl isothiocyanate, killing most of the conidia. The change that 
was established in the ratio between the two types of conidia by this treat- 
ment implied, however, a statistically not definite decrease in the percentage 
of mutant conidia, viz. from 2.6 % to 1.9 ?/0. 

No similar experiment has as yet been made with nitrogen mustard (di-B- 
chlorethylmethylamine), which produces a strong mutagenic effect upon 
Ophiostoma. In so far as the two mutation inducing experiments hitherto 
performed with this substance can be looked upon as a »fluctuation test», 
the result does not give any support to an assumption of a selective action 
instead of a mutagenic one (Tab. 2). Only few mutants have been islated 
and identified, but they distribute themselves among the different types in 
much the same way as mutants induced by irradiation. 


Summary 


A method is described by means of which large scale isolations of physio- 
logical mutants can be made from conidial populations of Ophiostoma multi- 
annulatum. Only such mutants are picked up as are characterized by a loss 
of a capacity to perform some biosynthetic process. 

By using this method, the viability of mutant conidia in comparison with 
wild type conidia was studied. Earlier experiments with hypoxanthine- and 
adenine-less strains have shown that in a starvation culture, lacking some 
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indispensable constituent of the nutrient solution, mutant conidia are more 
viable than the conidia of the mother strain. In agreement with these results 
is was demonstrated that, in a starvation substrate (lacking the essential 
vitamins B, and B,) inoculated with a mixture of wild type conidia and 
hypoxanthine-less conidia, the latter were the most viable. 

In a starvation culture experiment with conidia of wild type a number of 
mutations were isolated, most of them niacin-less. While the part of the 
population made up by living conidia decreased, the percentage of mutants 
among these conidia increased. A comparison of the results of different 
starvation culture experiments indicated that the mutants obtained from 
such cultures represented originally present mutants, being the result of 
early spontaneous mutations, and that they had been enriched in the starva- 
tion cultures, since they were more viable than their mother strains. 

Finally the question was discussed as to whether the mutation-inducing 
effect of certain chemicals is in reality a selective phenomenon, the more 
heterotrophic mutant conidia not being killed so rapidly as those unmutated. 
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von Samen 


Von 
HEINZ BRÜCHER 


Schwedische Saatzücht-Gesellschaft, Svalöv 
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Einleitung 


Die rasche und zuverlässige Bestimmung der Keimfähigkeit von Samen, 
speziell von Getreide, ist sowohl für die Beurteilung des Saatgutwertes in 
Landwirtschaft und Brauereiwesen, als auch für die gesamte Getreide-Vor- 
ratswirtschaft von beträchtlichem Interesse. Wenn es gelingt eine vorhandene 
mangelhafte Keimfähigkeit oder eine durch unsachgemässe Lagerung ge- 
schwächle Vitalität von Samen noch rechtzeitig vor der Aussaat oder ihrer 
industriellen Verwertung nachzuweisen, so lassen sich meist grössere Schäden 
verhüten. 

Aus diesen Gründen sind nicht nur die mit der Samenlagerung und Kon- 
trolle direkt beschäftigten Stellen des Staates und.der Industrie, sondern auch 
die landwirtschaftlichen Verbraucher schon seit jeher an einer raschen Me- 
thode zur Keimkraftbestimmung interessiert. — Üblicherweise werden Keim- 
kraftbestimmungen mit der althergebrachten (von Aubry zum ersten Mal 
beschriebenen) Keimteller-Methode vorgenommen. Man verfährt hierbei be- 
kanntermassen so, dass abgezählte Samenmengen in Glas- oder Porzellan- 
Tellern auf nassem Sand oder feuchtem Filtrierpapier ausgelegt werden und 
man nach Ablauf einer bestimmten Frist (häufig nach zwei Wochen) die 
ausgekeimten Samen abzählt. Die »Keimfähigkeit» des Saatgutes wird dann 
als Prozentverhältnis der gekeimten Samenkörner zur Gesamtzahl der aus- 
gelegten Samen bestimmt. Keimversuche nach dieser Methode siellen zwar 
eine gule laboratoriumsmässige Nachahmung des natürlichen Keimvorganges 
dar, erfordern aber viel Zeit und Platz und verlangen überdies möglichst 
[343] 
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gleichmässige Temperaturen und Kontrollen während einer Reihe von Tagen. 
Während man bei vielen Getreiden mit einer vorgeschriebenen Prüfung der 
Keimfähigkeit während der Dauer von 10 Tagen auskommt, erfordert die 
Bestimmung der Keimfähigkeit von Samen der Forst- und Obstbäume oft 
mehrere Monate. Beispielsweise ist die vorgeschriebene Keimdauer für die 
Douglasie (Pseudotsuga taxifolia) siebzig Tage. 

Diese Tatsachen haben dazu geführt, dass man sich schon mehrfach be- 
mühte raschere Methoden zur Bestimmung der Keimfähigkeit zu finden, die 
möglichst auch ohne den grossen Material- und Raumbedarf des »Aubry- 
Verfahrens» arbeiten. Selbst dann, wenn ein solches neues, schnelleres Ver- 
fahren die hervorragende Genauigkeit bei der Wiedergabe der tatsächlichen 
Keimverhältnisse (wie sie der Keimteller-Versuch liefert) nicht erreicht, so 
lohnt sich doch in jedem Fall die Auffindung einer hinreichend genauen 
Schnellmethode schon aus ökonomischen Gründen. Erfahrungsgemäss wer- 
den Keimkraftbestimmungen meist kurz vor der Aussaat vorgenommen; man 
wird gewiss in solchen eiligen Fällen stets der schnellsten Methode den Vor- 
zug geben. Bei dem Versuch die langwierige natürlich-biologische Keimprü- 
fung durch einen chemischen Keimtest zu ersetzen, wendeten russische Auto- 
ren (u.a. Piskarew, Neljubow 1925) Anilinfarben an. Sie gingen hierbei von 
der Voraussetzung aus, dass tote Pflanzengewebe dem Eindringen dieser 
Stoffe keinen Widerstand entgegensetzen, während lebende Gewebe also 
keimfähige Samen — diese Farbstoffe nur schwer in die Zellen permeieren 
lassen. Offensichtlich haben aber technische Mängel der Anwendung dieser 
chemischen Keimprüf-Methode in der Praxis ähnliche Schwierigkeiten ent- 
gegengesetzt, wie der von Quam (1906) vorgeschlagenen Methode, mittels 
der unterschiedlichen Abgabe von CO, die Keimfähigkeit von Samen zu 
analysieren. 

Eine weitere Möglichkeit zur Feststellung der Lebens- und Keimfähigkeit 
von Samen bietet die unterschiedliche Enzym-Aktivität lebender und toter 
Gewebe, beziehungsweise keimender und nichtkeimender Samen. Allerdings 
darf man hierbei nicht ausser Acht lassen, dass sich die Aktivität der im 
Samen enthaltenen Fermente und seine Keimungsenergie durchaus nicht 
gleichsinnig verhalten müssen. Die einzelnen Fermente verhalten sich in 
dieser Hinsicht durchaus verschieden und bekanntlich besitzen einige im 
Samen gespeicherte Fermente auch postmortale Wirksamkeit. Beispielsweise 
trifft man bei Getreide, dessen Keimkraft schon lange erloschen ist und das 
weder die Fähigkeit zur Ausbildung von Keimwurzeln noch von Koleoptilen 
besitzt, doch einen beträchtlichen Gehalt an Diastase, Katalase, und in 
geringerem Grade an Oxydasen und Dehydrogenasen. Miehe (1923) hat hier- 
für einen instruktiven Beweis an Secale cereale erbracht, welches als so- 
genanntes »Schwedenkorn» im 17. Jahrhundert in einem Getreidespeicher 


EINE SCHNELLMETHODE ZUR BESTIMMUNG DER KEIMFÄHIGKEIT VON SAMEN 345 


Tab. 1. Enzym-Aktivität und Keimfähigkeit von Getreide-Saatgut verschiedenen Alters. 
ee a SE I I ARE 


£ Keimung bei 
Species Erntejahr | Katalaseaktivität Oxydaseaktivität | Aussaat 1948 
0/0 
Avena sativa 1947 + (Embryo u. Scutel- 
lum tiefdunkel, 
Farbe ausfliessend) 98 
Avena fatua 1933 + -- 64 
Avena sativa 1909 {= = 0 
Secale cereale 1947 + (Embryo u. Scutel- 
lum tiefdunkel, 
Farbe ausfliessend) 96 
Secale cereale 1927 = = 0 
Triticum vulgare 1947 + (Embryo u. Scutel- 
lum tiefdunkel, 
Farbe ausfliessend) 98 
Triticum aegilopoides 1926 — = 0 
Triticum monococcum 1926 + + 0 
Triticum dicoccoides 1926 +- 0 
Triticum dicoccum 1926 + + 0 
Triticum vulgare 1909 Sr = 0 
Triticum vulgare 1896 + = 0 


in Neisse eingelagert worden war.’ Die Samen besassen nach ca. 280 Jahren 
durchweg noch eine deutlich nachweisbare Fahigkeit zum Stärkeabbau. Ich 
selbst beobachtete mehrfach bei über 50 Jahre altem Getreide noch eine 
bemerkenswerte Katalase-Aktivität. In allen diesen Fällen war die Keimkraft 
vollkommen erloschen, was sich auch schon äusserlich durch Veränderungen 
in der anatomischen Struktur des Embryos und des Endosperms bemerkbar 
machte. 

Behauptungen, dass Weizen aus ägyptischen Königsgräbern zu keimen vermöch- 
ten, gehören ins Reich der Fabel. Speziell daraufhin untersuchter Emmerweizen aus 


den mehrere Tausend Jahre alten Königsgräbern der XVIII. Dynastie wiesen weder 
diastatisches Vermögen, noch sonstige Enzymaktivität auf. 


Aus Tabelle 1 geht hervor, dass speziell bei Getreidearten die Fähigkeit 
zu positiver Katalase- oder Peroxydase-Reaktion auch dann noch vorhanden 
ist, wenn die Keimfähigkeit selbst gleich Null ist. 

Ein +Zeichen in der Tabelle gibt an, dass überhaupt eine positive Reak- 
tion beobachtet wurde. Hingegen ist über die Intensität der Fermentreaktion 


1 Dieser Roggen soll im Jahre 1643 durch den schwedischen General Torstenson der 
Festung Neisse übergeben worden sein. Ein Sack hiervon wurde nachweisbar seit 1743 


in versiegeltem Zustand aufbewahrt. 
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nichts näheres ausgesagt. Beispielsweise übertrifft die Katalase- oder Oxydase- 
Aktivität von Saatgut des Jahres 1947 um ein Vielfaches diejenige der Samen 
aus früheren Jahren. Immerhin stellt man aber z.B. bei Triticum-Samen aus 
dem Jahre 1926 noch eine minimale Anfärbung des Scutellums mittels des 
Benzidintestes fest und selbst bei über 50 Jahre altem Weizen (Erntejahr 
1896) macht sich Katalaseaktivität bei Zugabe von Hydroperoxyd bemerkbar. 
Unter keinen Umständen kann aber in solchen Fällen noch mit Keimung 
gerechnet werden. 

Die Keimfähigkeit von Samen wird von zahlreichen endogenen und exo- 
genen Komponenten beeinflusst, die auf den ruhenden Samenorganismus 
einwirken. Der natürliche Alterungsvorgang der mit dem Verlust der Quell- 
fähigkeit der Kolloide einhergeht, wird seitens der Pflanze auf verschiedenen 
Wegen offensichtlich zu verzögern versucht, und die Fähigkeit lang lager- 
fähige Samen auszubilden scheint in der freien Natur positiven Selektions- 
wert zu besitzen. Zur Erhaltung der Keimfähigkeit besitzt der Pflanzen- 
samen Schutzvorrichtungen; vor allem aber dürfte die Menge und die Aktivi- 
tät der in Embryo, Endosperm, Scutellum oder Testa gespeicherten Enzyme 
auf die Erhaltung der Keimungsenergie den massgeblichsten Einfluss haben. 

Zum Nachweis solcher die Keimkraft steuernden Enzyme ist es notwendig 
Substanzen zu finden, die leicht in das Innere der Samen einzudringen ver- 
mögen und dort unter dem Einfluss von Enzymen nachweisbare Verände- 
rungen (etwa ihrer Farbe) erleiden. Die praktische Anwendung solcher Ver- 
fahren für die Bestimmung der Keimkraft ist nur dann gewährleistet, wenn 
die Abnahme dieser Enzymwirkungen unter dem Einfluss des Alterns mit 
dem Schwinden des natürlichen Keimvermögens parallel verläuft. Ferner 
darf man bei der Beurteilung solcher biochemischer Keimprüfmethoden nicht 
ausser Acht lassen, dass es gelegentlich Fälle gibt, bei denen durch besondere 
Milieubedingungen (beispielsweise Bakterienbefall) starke Enzymtätigkeit 
vorgetäuscht werden kann, auch wenn die tatsächliche Keimkraft schon er- 
loschen ist; wie es umgekehrt auch Fälle gibt in denen durch mechanische 
Beschädigung der embryonalen Keimanlagen anatomisch feststellbare Ver- 
letzungen eingetreten sind, die eine normale Keimung verhindern, auch 
wenn die notwendige Enzymaktivität des Samens noch erhalten geblieben ist. 

Es hat nun nicht an mehrfach wiederholten Versuchen gefehlt mittels 
biochemischer Verfahren das Keimvermögen von ruhenden Samen zu be- 
stimmen. Insbesondere schenkte man schon frühzeitig der reduzierenden 
Fähigkeit der in den Samen aufgefundenen Dehydrogenasen besondere Auf- 
merksamkeit. Als erster hat wohl Turesson (1922) versucht den enzymatisch 
abgespaltenen Wasserstoff durch Absorption an Moleküle von Indikatorsub- 
stanzen (die hierbei einen Farbwechsel erleiden) nachzuweisen und als 
Keimtest zu verwenden. Turesson verfuhr hierbei im Anschluss an die von 
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Thunberg (1921) beschriebene Methylenblau-Methode folgendermassen: 
Nachdem die Samen zu einem feinen Pulver zerrieben sind, werden sie zu- 
sammen mit einer bestimmten Menge von Methylenblaulösung in Vakuum- 
röhren (Abwesenheit von Luftsauerstoff!) gebracht. Bei der hierauf einset- 
zenden Entfärbung der Lösung beobachtete man speziell bei Erbsen dass 
eine Parallelität zwischen der Keimfähigkeit und dem Gehalt an Dehydro- 
genase besteht. Ein gravierender Nachteil dieses Verfahrens liegt in der Not- 
wendigkeit die Reaktion unter Abwesenheit von Luftsauerstoff vorzunehmen 
(Thunbergröhren), wodurch eine komplizierte technische Einrichtung not- 
wendig ist. Auch die schon von Turesson selbst erwähnte Beobachtung, dass 
vollkommen keimtote Samen eine noch intensivere Reaktion in der gleichen 
Richtung wie keimkräftige Samen zeigen und die Methylenblaulösung in 
noch kürzerer Zeit zu entfärben vermögen als frisches Saatgut, bedeutet 
eine recht nachteilige Erschwerung, sodass diese originelle Methode keinen 
Eingang in die Praxis gefunden hat. 

Gurewitsch (1935) liess Dinitrobenzol unter dem Einfluss lebenden Samen- 
gewebes zu Nitrophenylhydroxylamin reduzieren. Bei Zufügung von etwas 
NH, zu den zu prüfenden Samen erhält man eine deutliche Rotfärbung der 
keimkräftigen Samen. Als nachteilig macht sich das rasche Verfliessen des 
gebildeten Farbstoffes bemerkbar, sodass dieses Verfahren ebenfalls keinen 
Eingang in die Praxis gefunden hat. 

Es bedeutete daher einen wesentlichen Fortschritt als Eidmann (1936) Selen- 
Salze zur Saatgutwert-Bestimmung einführte. Er bediente sich hierbei der 
Tatsache dass farbloses Natriumbiselenit, wenn es reduziert wird, eine inten- 
siv karminrote Färbung annimmt. Eidmann entwickelte sein Selenverfahren 
vor allem in Hinblick auf die Keimprüfung von forstlichem Saatgut, bei 
welchem sich die vorgeschriebene lange Prüfungsdauer besonders erschwe- 
rend bemerkbar macht. 

Das »Eidmann-Verfahren» gründet sich auf die Möglichkeit, dass Natrium- 
biselenit-Lösungen in das Sameninnere relativ leicht einzudringen vermögen 
und dort unter dem Einfluss reduzierend wirkender Enzyme in fein ver- 
teiltem Zustand amorphes Selen niedergeschlagen wird. Tote oder nicht 
mehr keimfähige Samen bleiben ungefärbt. Mit einiger Übung lassen sich 
sogar »Mattkeimer» und »Vollkeimer» voneinander unterscheiden. Ein 
starker Nachteil des Verfahrens liegt in der ausserordentlichen Giftigkeit des 
bei der Reaktion gebildeten Selenwasserstoffs, ferner in der Tatsache, dass 
die Samen im Verlauf der Selenbehandlung durchweg getötet werden. Da 
die Samen vor Anwendung des Natriumbiselenits zerschnitten oder halbiert 
werden müssen, ist das »Eidmann-Verfahren» bei sehr kleinen Samen über- 
haupt nicht anwendbar. Um das langwierige Halbieren der trockenen Samen 
zu vermeiden, wurden mehrfach Modifikationen versucht. Nach Johnson 
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(1947), der diese Methode in USA bekannt gemacht hat, scheint sich offen- 
sichtlich vorheriges mehrstündiges Einweichen des Saatgutes und anschlies- 
sendes Herauspräparieren, bzw. Herausquetschen der Embryonen gut zu 
bewähren: . .. »the sodium biselenite method of seed testing as stated by 
Eidmann with the presoaking step modified to involve 16 hours presoaking 
and 8 hours aeration proved generally satisfactory on seeds of a wide range 
of agricultural plants». 

Von Kipphan (1938) wurde der Eidmanntest zum ersten Mal mit Erfolg 
zur Bestimmung der Keimfähigkeit von Braugerste herangezogen. Hierbei 
erleichterte sich Kipphahn das zeitraubende Halbieren jedes Kornes durch 
Anwendung eines »Kornhälftenschneiders», wie er in der Brauindustrie üblich 
ist. Nachdem jeweils 100 Körner halbiert waren, wurden sie in eine zwei- 
prozentige Lösung von Natriumbiselenit eingelegt, wobei in der Regel bis 
zum Eintreten der optimalen Anfärbung 1—2 Tage verstrichen. Durch Auf- 
stellung der Prüfschalen in einem Thermostaten bei 45° gelang es schliess- 
lich die Reaktionszeit auf 12 bis 14 Stunden zu verkürzen. Gleichzeitig ange- 
stellte Parallelversuche mit dem Dinitrobenzolverfahren, das von Enders 
(1937) ebenfalls auf Braugerste angewendet worden war, ergaben beträcht- 
liche Abweichungen, sodass Kipphan zu einer Ablehnung der letztgenannten 
Methode für Zwecke der Keimkraftbestimmung gelangt. 

Eggebrecht & Bethmann (1939) versuchten vergeblich das Selenfärbe- 
Verfahren zum Nachweis der »Keimruhe» bei Wintergerste zu verwenden. 

Einen bemerkenswerten Fortschritt gegenüber dem Eidmanntest bedeute- 
ten die 1942 durch Lakon (einer Anregung Kuhns folgend) eingeführten 
Tetrazolium-Salze als Keimprüfmittel. Sowohl 2,3,5-Triphenyl tetrazolium- 
chlorid als auch 2,3-Diphenyl-5-methyl tetrazoliumchlorid sind in der Oxy- 
dationsstufe farblos, nehmen aber bei Reduktion eine intensivrote Färbung 
an (rote Formazane). Der Färbungsvorgang in lebenden Samengeweben be- 
ruht auch hier — ähnlich wie bei dem Selenverfahren auf einer phyto- 
chemischen Hydrierung, wobei das Tetrazoliumsalz als Wasserstoffacceptor 
fungiert. 


Unter Anwendung dieses Tetrazoliumverfahrens gelang es Lakon nicht nur 
eine ungiftige und schnellere Methode im Vergleich zum Selenverfahren zu 
entwickeln, sondern zugleich auch topographische Feststellungen über den 
Sitz und die Aktivität keimungsbestimmender Fermente im Samenkörper zu 
treffen (Lakon 1939). Es lässt sich nachweisen, dass das Schwinden der 
»Keimpotenz» mit einem partiell fortschreitenden Absterben des Embryo- 
gewebes einhergeht. Nekrotische Gewebeabschnitte des Samens zeigen keine 
Anfärbung im Tetrazoliumtest; es lässt sich sogar beobachten dass selbst bei 
positiver Tetrazoliumreaktion eines grossen Teils des Samenkörpers die 
Keimfahigkeit schon verloren sein kann und dass häufig . .. »die im Samen 
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innewohnende Keimfähigkeit im Keimversuch nicht realisiert werden kann». 
Im allgemeinen nehmen die keimschädigenden und zum Verlust des Aus- 
keimvermögens führenden Umweltwirkungen ihren Weg von aussen über 
die Wurzelanlage. Wenn die Wurzelanlage nicht mehr positiv reagiert, unter- 
bleibt in der Regel schon die Keimung. Trotzdem gibt es dann im Samen 
immer noch wachstumfähige Gewebepartien, die sogar zum Auskeimen ge- 
langen können, schliesslich aber infolge mangelnder Wurzelbildung nach- 
träglich wieder absterben. Solche Gewebepartien reagieren im biochemischen 
Test stets positiv. Infolgedessen wird das tatsächliche Keimprozent — also 
die Zahl der aufwachsenden Samen — stets niedriger sein, als die im Tetra- 
zoliumiest positiv reagierenden Samenhälften. Man muss diese Tatsache 
sowohl bei diesem Lakon-Verfahren als auch bei der nachfolgend beschrie- 
benen Methode stets beachten. 

Erst nach Abschluss des Manuskripts wurde ich hier auf die Ergebnisse I. Gadds 
(1947) aufmerksam gemacht, dem es gelang mittels Malachitgrün eine Vitalfärbung 
und Keimprüfmethode zu entwickeln, die vor allem bei Pisum erprobt wurde. Das 
Verfahren hat den Vorteil dass die Samen überleben. Allerdings beansprucht die 
Durchführung des Keimtests eine recht lange Zeit, dadurch dass die Samen ca 24h 
eingeweicht und daran anschliessend 24h in eine Farblösung gelegt werden müssen. 
Hierbei vollzieht sich unter dem Einfluss reduzierender Fermente bei keimkräftigen 
Samen ein Rückgang der Anfärbung. (Vgl. Gadd 1943.) 


Ein neuer Keimtest durch Nachweis von Peroxydase-Ferment 


Im Zusammenhang mit eigenen Untersuchungen über die unterschiedliche 
Aktivität von Oxydations-Enzymen bei asiatischen Gersten (Hordeum poly- 
stichum var. himalayense) und ihren Einflüssen auf die Wachstumgeschwin- 
digkeit (Brücher 1947), fand ich eine weitere Möglichkeit zur biochemischen 
Bestimmung der Keimfähigkeit von Cerealien. Da das Verfahren mehrere 
Vorzüge gegenüber den oben beschriebenen besitzt, u.a. arbeitet es mit un- 
giftigen Substanzen und hat den Vorteil der raschen Keimkraftbestimmung, 
soll es im folgenden ausführlicher dargestellt werden. 

Meine Methode zur Keimprüfung basiert auf der Tatsache, dass das Fer- 
ment Peroxydase in reichlicher Menge in- Gramineen-Samen vorhanden ist 
und bei Verlust der Keimkraft ebenfall in seiner Wirkung sehr rasch zurück- 
geht. (Während beispielsweise das Ferment Katalase ziemlich unabhängig 
von der Keimkraft selbst bei vielen Jahrzehnte alten Samen noch eine be- 
trächtliche Aktivität besitzt). Vorteilhafterweise lässt sich Peroxydase-Enzym 
ohne grössere technische Schwierigkeiten mit Hilfe ganz spezifischer Rea- 
gentien, die unter dem Einfluss des oxydativ wirkenden Enzyms Farbände- 
rungen erfahren, innerhalb pflanzlicher Gewebe nachweisen. 

Die oxydativ wirkenden Fermente verursachen während des Atmungsvor- 
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ganges die Übertragung von Sauerstoff. Hierbei sind die »Oxydasen» (im 
engeren Sinne) bezüglich der O-lieferenden Substanzen nicht spezifisch 
eingestellt, während die »Peroxydase» speziell auf Hydroperoxyd als O-lie- 
fernde Substanz angewiesen ist. Ähnlich wie die Oxydasen kann man Per- 
oxydase mittels Phenolen oder aromatischen Diaminoverbindungen nach- 
weisen. 

Ich verwendete für das neue Keimprüfverfahren insbesondere farblose 
alkoholische Lösungen von Benzidin (NH,C,H,Cg,H,NH,) das bei Anwesen- 
heit von H,O, durch unser Ferment in einen intensiv blauen Farbstoff über- 
führt wird, oder Guajakol (OHC,H,OCH,), das im Verlauf der Reaktion einen 
braunroten Farbstoff bildet. 


Man stellt sich die benötigten Lösungen aus käuflichem kristallinen Benzidin, 
bzw. Gujakol selbst her, durch kaltes Auflösen bis zur Sättigung in Äthylalkohol. 
Aus diesen Stammlösungen, die lichtgeschützt aufbewahrt werden müssen, bereitet 
man sich für den Gebrauch 10 °/oige Verdünnungen. 


Möglicherweise findet man aber noch weitere Phenole oder Diamine, 
die sich ebenso gut, oder besser, als Testreagenz eignen. Die betreffenden 
Farbstoffe werden in voller Intensität nur durch keimkräftiges Saatgut der 
geprüften Cerealien gebildet. Tote Samen, oder Saatgut, das durch schlechte 
Lagerung, zu hohes Alter, Krankheit, oder Selbsterhitzung seine Keimkraft 
verloren oder teilweise eingebüsst hat, erhält entsprechend seinem geringeren 
Gehalt an Peroxydase nur eine schwache Färbung, bzw. bleibt vollkommen 
farblos. (Vgl. Fig. 1.) 

Die Keimreaktion mit Benzidin unterscheidet sich nicht nur durch die 
Farbe, sondern auch durch die Reaktionsgeschwindigkeit von derjenigen mit 
Guajakol. Die Benzidinreaktion verläuft rascher, der Farbstoff ist bei keim- 
kräftigen Samen meist innerhalb 10 Sekunden gebildet und hat die Neigung 
aus dem Embryo auszufliessen. Mit Guajakol erhält man eine langsamere 
Reaktion, die in der Regel erst nach einigen Minuten die volle Intensität 
erreicht. Für praktische Arbeiten hat sich eine Mischung beider Lösungen 
als sehr vorteilhaft erwiesen. 

Die Beurteilung der Farbstoffbildung soll baldmöglichst erfolgen, da sich 
sowohl der blaue Benzidinfarbstoff, als auch der braunrote Guajakolfarbstoff 
in wässriger Lösung unter dem Einfluss des Lichts, anderer Fermente, ete. 
verändert. Nur wenn man die getesteten Samen sofort trocknet, kann man 
die Farbreaktion ohne allzugrosse Veränderungen mehrere Tage aufbewah- 
ren. Maissamen, der mit Guajakol braunrote Färbung annahm, verliert diese 
unter dem Einfluss von Reduktasefermenten weitgehend wieder innerhalb 
von 12 Stunden. 

Der Schnelltest mit Benzidin und Guajakol wurde insbesondere bei Mais 
erprobt und findet bei diesem Objekt zweifellos auch seine beste Anwendung, 
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Fig. 1. Schnelltest zur Bestimmung der Keimfdhigkeit von Cerealien durch 
Nachweis der Peroxydase-Aktivität. — (Fot. Olsson). 


a) Zea Mays. Oben: Mais (Ernte 1946) mit normaler Keimfähigkeit dunkelgefärbte Em- 
bryonen. 
Unten: Mais, der durch Erhitzen seine Keimfähigkeit verloren hat, ungefärbt. 

b) Triticum vulgare. Oben: keimfähiges Saatgut, dunkel gefärbt. 
Unten: nichtkeimfähiges, altes Saatgut, ungefärbt. 


weil der Samen hinreichend gross ist, um das Reaktionsergebnis am halbier- 
ten Korn mit blossem Auge zu erkennen. Prinzipiell verhalten sich aber auch 
die anderen, europäischen Cerealien hinsichtlich ihres Oxydasegehalts ebenso 
wie Mais. Der spezielle Sitz der Oxydasefermente (im folgenden wird der 
Einfachheit wegen nicht mehr zwischen Peroxydasen und anderen »Oxy- 
dasen im engeren Sinne» unterschieden, sondern die allgemeine Bezeichnung 
»Oxydasen» verwendet), ist der Embryo mit dem Scutellum. Die Samenhaut 
enthält nur geringe Oxydasemengen, während das Endosperm auffallend arm 
an Oxydasen ist. 

Während der Mais-Samen schon makroskopisch im Längs- oder Quer- 
schnitt deutlich die unterschiedliche Verteilung und Speicherung von Oxy- 
daseferment erkennen lässt, bedarf es bei den wesentlich kleineren Samen 
von Triticum, Secale,. Hordeum und Avena besonderer Methoden, um das 
Ferment in den einzelnen Gewebeabschnitten differenziert sichtbar werden 
zu lassen. Die Kleinheit dieser Samen bildet dem Haupthinderungsgrund 
dafür, dass bei ihnen der biochemische Keimtest nicht so gute Resultate wie 
bei Zea liefert. Es wurde daher viel Mühe darauf verwendet auch für diese 
kleineren Samen eine geeignete Methodik zur Anwendung des Keimtests 
auszuprobieren. Schliesslich gelang es, das für kleinere Cerealien sehr zeit- 
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raubende mediane Halbieren der Karyopsen dadurch zu umgehen, dass man 
die Samen in geweichtem Zustand mechanisch behandelte. Mahlen oder Zer- 
reiben erwies sich als unzweckmässig, Zerquetschen zwischen zwei Walzen 
ergab infolge Herausbrechens der Embryonen nur ungenaue Resultate. 
Schliesslich wurden mit einer Schraubpresse die besten Erfolge erzielt. 

Im Einzelnen verfährt man bei den einzelnen Getreidearten zweckmässi- 
gerweise folgendermassen. 

Mais: 

Über Nacht eingeweichtes, oder unmittelbar trocken entnommenes Saat- 
gut wird Korn für Korn halbiert. In der Regel genügen 100 Korn je 
Keimtest. Die eine Portion der Samenhälften wird für einen etwaigen Kon- 
trollversuch unter feuchtem Filterpapier aufbewahrt. Zur Halbierung von 
100 Körnern benötigt man ca 8 Minuten; zweckmässigerweise sollte man 
einen »Kornhälftenschneider», wie er für Gerste in der Brauindustrie ver- 
wendet wird, auch für Mais verwenden. (Bei bestimmten Maissorten erübrigt 
sich das Halbieren, weil man die Reaktion schon äusserlich am intakten Korn 
feststellen kann). Anschliessend werden die Kornhälften mit der Schnitt- 
fläche nach oben 15 bis 30 Minuten lang in eine 20 ?/oige Lösung von Hydro- 
peroxyd gebracht. Man kann allerdings auch schon nach dreiminütiger H,O, 
Behandlung hinreichende Resultate bei Mais erhalten. Infolge der Katalase- 
wirkung beobachtet man ein starkes Aufschäumen in der Umgebung des 
Embryos. Nach Abgiessen der Hydroperoxydlösung wird mit 90 ?/oigem 
Alkohol mehrfach abgespült und gegebenenfalls eine Pufferlösung mit 
schwach alkalischer Reaktion (pH 7,5—8,4) zur besonders feinen Differen- 
zierung der Färbung hinzugefügt. Im allgemeinen kann aber direkt das 
Testreagenz (Benzidin oder Guajakol, alkoholische, zehnprozentige Lösung) 
hinzugegeben werden, worauf sofort eine intensive Anfärbung der keim- 
fähigen Kornhälften erfolgt. 


Übrige Cerealien: 


Auch bei den kleinkörnigen Getreiden (Weizen, Gerste, Hafer, Roggen) 
kann man in der oben beschriebenen Weise zuerst die Karyopsen median 
halbieren. Da dies aber relativ viel Zeit erfordert, empfiehlt es sich das Saat- 
gut zuvor eine Nacht in Leitungswasser oder unmittelbar in einer 10 °/oigen 
Lösung von H,O, aufzuquellen und anschliessend mit dem Pressverfahren 
weiterzubehandeln. Hierbei werden jeweils 100 Samen zwischen Papier gelegt 
und unter eine Buchbinder- oder Obstpresse gebracht. Hierbei ist darauf zu 
achten, dass der Druck ausreicht, um die einzelnen Embryonen zu zerquet- 
schen. Zweckmässigerweise legt man die einzelnen Samen in genügend gros- 
sem Abstand in Reihen aus, mit dem Embryo nach oben. Als Unterlage ver- 
wendet man glattes Schreibpapier, als Deckblatt ein saugfähiges Filterpapier. 
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Fig. 2. Keimtest mittels eines speziell präpa- 
rierten Keimtestpapiers, das unter Druck auf 
die zu prüfenden Samen aufgepresst wird. Aus 
der Intensität des Farbflecks kann man auf 
die Keimfähigkeit schliessen. 

Oben: nichtkeimfähiger Weizen (Ernte 1940). 
Unten: keimkräftiges Weizen (Ernte 1947). 
Beide Proben in der gleichen Weise behandelt 
und zusammen gepresst. — (Fot. Olsson). 


Auf diese Weise erreicht man, dass die Samen nur auf einer Seite festkleben. 
Die zerquetschten Samen werden anschliessend in der üblichen Weise in 
H,O, weiterbehandelt. Hierbei löst sich das Filterpapier von allein durch die 
Schaumbildung ab. Das mehrfache Abspülen mit Alkohol (90 °/o) verursacht 
eine erwünschte Härtung der Samen während der folgenden Manipulationen. 
Zuerst giesst man eine Pufferlösung (pH 8,4) über die Samen und lässt: sie 
ca 5 Minuten einwirken. Daran anschliessend wird ein Gemisch einer 
10 °/oigen Benzidin- und einer 10 °/oigen Guajakollösung (Verhältnis 2:1) 
hinzugefügt. Die keimkräftigen Samen entwickeln in der Umgebung des 
zerquetschten Embryos eine intensive violettrote Färbung, die sich nach 
einiger Zeit auf das gesamte Samenkorn ausdehnt. Nichtkeimfähige Samen 
zeigen entweder überhaupt keine, oder nur eine schwache, oder auf kleine 
Partien des Embryos beschränkte Anfärbung. (Vgl. Fig. 1b.) Eine wesent- 
liche Vereinfachung dieses Verfahrens konnte auf folgendem Wege erzielt 
werden: Man tränkt das Filterpapier zuvor mit dem Testreagenz und legt es 
trocken auf. (Solches Reagenzpapier kann man sich im Voraus in grösserer 
Anzahl durch Eintauchen von etwa 100 Blatt rundem Filterpapier in eine 
alkoholische Lösung von Benzidin und Guajakol mit anschliessender Trock- 
nung selbst herstellen). 

Zur Erzielung des Keimtestes legt man solches »Keimprüfpapier» auf die 
zupressenden Samen und erhält dadurch unmittelbar einen Farbabdruck, aus 
dessen Intensität und Umfang man auf die Keimungsenergie der behandel- 
ten Samen schliessen kann. (Vgl. Fig. 2.) Bei der Beurteilung der Farb- 
reaktion, wie des Keimtests überhaupt, ist zu bèrücksichtigen, dass die bio- 
chemische Keimkraftprüfung nicht zu einem »Alles oder Nichts» Resultat 
führt, sondern zahlreiche Zwischentypen einschliesst. Demgegenüber stellt 
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ein Keimschalenversuch im Endergebnis nur die aufwachsenden Samen als 
»keimfähig» fest. Bekanntlich beobachtet man stets bei älterem Saatgut 
Keimlinge, die zwar ihre Kotyledonen. zu entfalten vermögen, oder eine 
Koleoptile einige Millimeter emporschieben, schliesslich aber wieder mangels 
Wurzelbildung, oder infolge Bakterienbefalls etc. zugrunde gehen. Bei der 
Auswertung eines Keimschalen- oder Erdkeim-Versuchs werden solche 
»Schwachkeimer» nicht als keimkräflig gezählt. Bei unserem Fermentnach- 
weis hingegen nehmen solche Formen in der Farbstoffbildung häufig eine 
Zwischenstellung ein, die ihre Einordnung erschwerl, und sie werden gele- 
gentlich als »keimfähig» gerechnet. 

Man erkennt hieraus, dass alle Angaben über Keimfähigkeit bis zu einem 
gewissen Grade relativ bewertet werden müssen. Bekanntlich stimmen auch 
die Keimzahlen des gleichen Saatgutes nicht überein, wenn man die Samen 
in Erde, sterilisierter Erde, Sand, Ziegelgrus, oder auf Filterpapier aussäl. 
Durchweg dürfte die Gefahr bestehen, dass ein biochemischer Keimtest die 
Keimprozente zu hoch angibt, weil auch solche Samen, die zwar keimen Kôn- 
nen, aber in der Jugendentwicklung wieder absterben, als positiv reagierend 
gerechnet werden. Um solche Grenzfälle richtig zu beurteilen, empfiehlt es 
sich für den Anfang der Testprobe einige Samen bekannter Keimungsenergie 
beizulegen. 

Zur Beurteilung des Färbungsgrades und der Keimfähigkeil wird man sich 
zweckmässigerweise für jedes Objekt eine Tabelle der verschiedenen Farb- 
intensiläten (und Keimungsenergie) aufstellen, die verschiedene Gruppen 
umfasst, etwa folgendermassen: 


I. Gruppe: keimunfähig=vollkommen ungefärbte, schwach gelônte, oder 

weniger als !/, gefärbte Samen. 

Il. Gruppe: keimunfähig, mit Neigung zu »Schwachkeimern» =schwach ge- 
färbte, bis zu '/, des Embryos gefärbte Samen. 

III. Gruppe: keimfähig (bisweilen herabgesetzte Keimkraft) =ganze Ober- 
fläche gefärbt, häufig in wechselnder Intensität. 

IV. Gruppe: keimfähig=gesamte Oberfläche intensiv gefärbt, Farbstoff 
häufig vom Embryo ausfliessend. 


Für die Zwecke der Praxis wird man nur die Samen der beiden letzten 
Gruppen III und IV als keimfähig beurteilen. Bei halbierten Maissamen kann 
man diese partielle Anfärbung nichtkeimender Samen sehr gut beobachten 
(vgl. Fig. 3). In der Regel ist nur dann, wenn die gesamte Embryonenober- 
fläche dunkel gefärbt ist, und vor allem die Wurzelanlage positiv reagiert, 
eine Keimpflanze zu erwarlen. 

Das Ergebnis grösserer Versuchsreihen ist in Tabelle 2 wiedergegeben. 
Man ersieht daraus dass sich der Keimtest besonders bei Mais bewährt hat. 
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Fig. 3. Medianschnitt durch Zea Mays, mit Benzidin/Guajakol in seinen peroxydasehaltigen 
Partien angefärbt. Man erkennt deutlich, dass die Wurzelanlagen bei diesem nichtkeim- 
fähigen Saatgut ungefärbt bleiben. (ca. 2 fach vergrössert.) — (Fot. Olsson). 


Zu den verschiedenen Behandlungsarten, denen die Samen teilweise unter- 
worfen wurden, um ihre Keimfähigkeit künstlich herabzusetzen, ist folgen- 
des zu bemerken: 

Einer der häufigsten keimschädigenden Einflüsse besteht in unsachgemäs- 
ser feuchter Lagerung von Saatgut, wodurch es sich erhitzt. Es wurde ver- 
sucht künstlich solche schädigenden Milieueinflüsse durch Hitzeeinwirkung 
in Thermostaten auf die Samen verschiedener Cerealien hervorzurufen. Wie 
aus der Tabelle hervorgeht, führte eine derartige Behandlung zu einer be- 
trächtlichen Herabsetzung der natürlichen Keimfähigkeit und zugleich zu 
einer verminderten Reaktion im Enzymtest. Offensichtlich leidet beim so- 
genannten »Verbrennen» der Samen (bei feuchter Lagerung) vor allem das 
Oxydaseferment, dessen Aktivität bei einer Erhitzung auf mehr als 80 Grad C. 
fast völlig erlischt. Bezeichnenderweise ist bei dieser Temperatur aber die 
Aktivität des Katalaseferments noch nicht erloschen. Vielmehr beobachtet 
man nach Zugabe von H,O, zu solchen hitzebehandellen Samen eine deut- 
liche Sauerstoffabscheidung. Auf volkommen lufttrockene Samen wirkt eine 
Hitze von 85° C allerdings geringer ein. 

Mehrtägiger Luftabschluss während der Keimung durch künstliches Un- 
terlauchen der Samen von Gerste oder Hafer unter Wasser führt zu 
einem vollkommenen Verlust der Keimfähigkeit. Im Oxydasetest zeiglen 
jedoch diese Samen eine bemerkenswert starke positive Reaktion. Gerste (Sorte 
»Ymer») der Ernte 1947 mit einer natürlichen Keimkraft von 98 °/o wurde 
8 Tage in einem Behälter unter Wasser bei vollkommenem Luftabschluss 
aufbewahrt. Erwarlungsgemäss hatlen die vorsichtig zurückgetrockneten 
Samen ihre Keimfähigkeit völlig eingebüsst. Hingegen war sowohl mit Ben- 
zidin wie mit Guajakol eine starke Anfärbung zu erzielen. Durch eine voraus- 
gegangene Erhitzung auf 85° konnte dies Reaktion vollkommen beseitigt 
werden. Offensichtlich war durch das Untertauchen der Gesamtorganismus 
bis zum Keimverlust geschädigt, ohne dass jedoch hiervon die Aktivität der 
Oxydationsfermente wesentlich in Mitleidenschaft gezogen worden wäre. In 
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Tab. 2. Vergleich zwischen Keimfähigkeit und Enzymtest. 


Kei- Enzym- |= 
mung Teste 2 
en s| [3/3]2|8 
ae 8) Sled = |e Sele 
DES = EE Er en Due 
Herkunft 2 5 Behandlung eles ts bis || sel Re 
Pg re AE 
"RE =|218|)3|8 ® 3|e 
sis] [= ETES 
FIL SEE 
| 
Mais: »Manalta B 9» ....| 1939 | 100 unbehandelt 0! 3] 3) 92) 4—| 4| 4 
Mais: »Manalta B 9» ....| 1939 | 100 | unbehandelt 2 4| 4| 96 4—| 4 
ı Mais: »Alberta 521» ! 1941 100 unbehandelt — —|36| 65 ——135135 
Mais: »Alberta 521» ..| 1941 100 | unbehandelt ——132| 5416 — 30/30 
Mais: »Eagle Hill» ...... | 1941 | 100 ; unbehandelt 8,12]14| 85, —— 15115, 
Mais: »Eagle Hill» ...... | 1941 100 unbehandelt 10/12/17] 88 —|—)12/12; 
Mausso»lBlenzeny Gob. aor | 1944] 100 unbehandelt —|— 56) 42 —:29,29)58) 
Mais: »Zuckermais» ..| 19441100 unbehandelt —|—|47| 4812 —;40|40; 
Mais: »Manalta» ........ 1915 | 100 unbehandelt —|—|77| 30 —\—;70|70} 
| Mais: »Manalta» ........ 1945 | 100 unbehandelt —|—|77| 27 — — 73/73) 
Mais: »Manalta 501» ....| 1946 | 100; unbehandelt 1152087210 40 
Mais: »Manalta 501» ....| 1946 | 100 : unbehandelt, aber schlechte PT. | 
: geschrumpfte Samen 0! 2] 2} 90: 5 —| | 5| 
Mais: »Brandeborg» .| 1947 | 100 unbehandelt 6878194) 6— 8 86/94 
Mais: »Brandeborg» 1947 | 100 unbehandelt 6991195] 4— 1086/96, 
Mais: »Brandeborg» 1947 | 100 3h in Thermostat (85°), Sa- | nr | 
| | ı men 24h gequollen | 0) 0/00) 9555) 150) 
Mais: »Brandeborg» | 1947] 100 12h in Thermostat (90°), Sa- | Lyi | | 
ı men trocken | 0) 0] 0) 94 6— | OF 
Mais: »Centralförening»..|unbe- | | 
kannt| 100 | unbehandelt 31/42/42) 64 —)— 36 36 
Mais: »Centralförening»..|unbe- | | 
kannt! 100 | unbehandelt 33143113| 53, 7)—|40]40) 
Mais: »Centralförening»..| unbe- | | | | 
kannt| 100 | 24h vorgequollen, dann 5h in | | 
Thermostat (82°) — 4] 4] 93 3/—; 4| 4 
Mais: »Centralförening»..|unbe- | | 
kannt| 100 | 24h vorgequollen, dann Ihin | | 
Thermostat (90°) ——| 0! 96 4/—|—| 0 
Roggen: »Landsorte» ....| 1947 | 100 | unbehandelt 90.93 93] —* 71—193193 
Roggen: »Landsorte» ....| 1947 | 100, 8h vorgequollen, dann 1 | | 
| Nacht in Thermostat (76°) ‘—! 3| 31100) —|—|—| 0 
Roggen: »Landsorte» ....! 1947 |100. 4h vorgequollen, dann 4h in | 
, Thermostat (80°) —\—| 0! 97) 3 ——| 0 
Roggen: »Landsorte» 1947 100 trockene Samen 2h lang in| | 
| Thermostat (85°) — 10/10) 82) —|—| 8] 8 
Weizen: »Halland» ..... 1909 100 unhehandelt | 0, 0! 0! 98, 2—|—| 0 
Weizen: »Halland» . .... 1929 100 unbehandelt | 0; 0] 0) 83,17] =L9 
\Veizen: »Hallanda ...4, ' 1941 100 unbehandelt | 0 6) 6| 95) —|— | 5] 5 
Weizen: »Halland» .....| 1943 100 unbehandelt '— 9797| 75)— —1|25|25 
Weizen: »Halland» .....| 1946: 100, unbehandelt 99 99/99! —| 2] 98|98 
| Weizen: Probe Nr. 3363. .| 1946 100 unbehandelt, schlecht gela- 
gertes Saatgut 0 3) 3} 96, |—| 4] 4 
Weizen: »Halland» ..... 1946 100 12h vorgequollen, dann 5h in | 
Thermostat (80°) 0 0) 01100 ——|—| 0 
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solchen (in der Praxis allerdings kaum zu erwartenden) Fällen dürfte mit 
einem Misslingen des biochemischen Keimtestes zu rechnen sein. Eine mÖög- 
liche Erklärung kann allerdings auch in der Tatsache zu suchen sein, dass 
sich auf längere Zeit unter Wasser befindlichem Saatgut eine reiche Bakte- 
rienflora ansiedelt, deren Gehalt an oxydativen Fermenten sekundär eine 
positive Oxydasereaktion des Samens hervorrufen könnte. Denn über- 
raschenderweise zeigten solche nichtkeimfähigen, Bakterien-befallenen Sa- 
men eine wesentlich stärkere Farbreaktion als normal keimfähiges Saatgut. 


Zusammenfassung 


Unter der Voraussetzung, dass die natürliche Keimkraft von Samen in 
unmittelbarer Beziehung zu ihrem Gehalt und der Aktivilät bestimmter 
Enzyme steht, wurde schon mehrfach versucht biochemische Analysen der 
Keimfähigkeit zu entwickeln, um auf diese Weise das zeitraubende und 
platzbeanspruchende Keimverfahren nach Aubry (Keimteller-Methode) zu 
vermeiden. Solche Methoden (Turesson, Eidmann, Lakon) bedienten sich der 
reduzierenden Wirkung bestimmter im Samen gespeicherter Fermente (z.B. 
Dehydrogenase). Zu den Mängeln dieser Melhoden gehören teilweise die Gifiig- 
keit hierbei entstehender Produkte, teilweise die Unsicherheit und die Lang- 
samkeit der Reaktionen. 

Es wurde daher versucht einen Schnelltest zu entwickeln. Dieser neue 
Keimtest basiert auf der Tatsache, dass speziell bei Cerealien die oxydative 
Aktivität des Peroxydase-Enzyms in unmittelbarer Beziehung zur Keimfähig- 
keit der Getreidesamen steht. Keimfähiges Getreide besitzt eine starke, nicht- 
keimfähiges Getreide eine schwache oder vollkommen erloschene Peroxydase- 
aktivität. Als Nachweis des Peroxydase-Enzyms wurde ein Farblest ent- 
wickelt, der sich am geeignetesten mittels Benzidin (NH,;C,;H,C,H,NH,) 
oder Guajakol (OHC,H,OCH,) durchführen lässt. Die Intensität der Anfär- 
bung wird als Mass für die Keimkraft verwendet. 

Das Verfahren ist insbesondere für Zea Mays geeignet. Bei kleineren 
Cerealien wird durch die Kleinheit der Embryonen die Beobachtung der 
Farbreaktion erschwert. Aus diesem Grunde wurde ein spezielles » Pressver- 
fahren» angewendet, das zwar die Samen zerstört, aber in der Regel hin- 
reichende Beurteilung der Keimungsenergie gestattet. Ein Vorzug des Ver- 
fahrens ist neben seiner Ungiftigkeit die Schnelligkeit (wenige Sekunden bis 
Minuten) mit der die Farbreaktion abläuft, aus der auf die Keimfähigkeit 


geschlossen werden kann. 


Ich möchte insbesondere Herrn Agr. Lic. S. Ekelund für mannigfache Ratschläge wäh- 
rend der Versuchsarbeit in Svalöf danken. Ferner bin ich der Landessaatzuchlanstalt 
Weihenstephan (Bayern), sowie Herrn Professor Dr. Raum, Institut f. Acker- u. Pflanzen- 
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bau, München, für die Überlassung mehrere Jahrzehnte alten Getreide-Saatgutes zu Test- 
zwecken sehr zu Dank verpflichtet. 


Summary 


It has been possible to elaborate biochemical methods of testing the 
germinating power of seeds, owing to their content of certain enzymes. 
Earlier methods have been impaired by pronounced disadvantages, for 
instance poisoning of the seeds and slowness of the reactions. 

For that reason a new method has been proposed based upon the peroxidase 
aclivity. The test is founded on the assumption that some correlation exists 
between the oxidating action and the germinating power. Seeds which have 
lost their capacity of germination by ageing, high moistüre or heat show a 
decreased enzyme activity. A colour test has been proposed for estimating 
the peroxidase activity. The intensity of colour after treatment with, for 
instance, benzedene or guaiacol parallels the germinating capacity of the 
seeds. The method suits especially well as a quick-test for maize. 
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Introduction and methods 


Some years’ observations on the migration of water and nutrients to 
dormant and developing buds of trees (4, 5, 6) have necessitated a closer 
invesligation of the rate of transpiration of the buds during their winter 
dormancy. Only a few data are found in the earlier literature (see 5, 8), and 
potomeler experiments carried out in this laboratory have not aimed at 
more than a rough picture of the transpiration under ecological conditions. 
Further, these results and the earlier records of the literature do not agree 
very well. 

The present study was carried out on buds of Carpinus betulus and Fagus 
silvatica from the same trees as used for our observations on bleeding and 
developing buds. It was started in January 1948 and discontinued in the 
beginning of March; bleeding and bud swelling: did not start until the last 
days of this month, and the buds were in full winter dormancy during the 
whole experimental period. All tests were made in the laboratory under 
fully controlled humidity and temperature conditions. 


Tests were made partly with isolated buds, partly with twigs of up to 20 cm. in 
length. The average properties of the buds as taken from the trees are shown in 
Table 1. These buds are water saturated, the highest values of the water content 
found in any sample as picked from the tree were for Carpinus 53.9 and for Fagus 
49.3 %/o. On the other hand the lowest values recorded were 49.7 and 44.4 °/o respec- 
tively. All experiments except those at +2° C. (p. 365) were performed in a room 
of a constant temperature of 20° C£1°. The humidity of the whole room could 
not be regulated but was registered continuously, varying around 35 0/0 relative 
humidity, corresponding to a water deficit of 11.4 mm. Hg. Only during one experi- 
ment did the humidity fall to about 30 %o (deficit 12.3 mm. Ifg). 
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Table 1. Properties of water saturated buds. Weights given on 100 buds. 


| 


Dry matter | Water |; Water 0/0 of| Surface of | 


8 | g ‘fresh matter 
| 


Species 


jone bud mm? 
a | | 
| ana 53.1 60 | 
| Fagus 47.2 120 | 


Table 2. Solutions employed in experiments on transpiration at constant humidity. 
Saturated solutions were used of the solutes given below; series No VI contained dist. 


water only. Temperature +20° C. 


Humidity of the air 7 ni 
Series No Solute 2 Me Be a 
mm Hg 0/0 5 
I KOH dry 0.0 0 44.5 
II Cro; 6.1 35 11.4 
III NaBr 2aq 10.1 58 | 7.4 
IV (NH,),SO, 14,1 81 | 3.4 
| V Na,SO, 10aq 16.1 93 | 1.4 
| VI none 17745 100 0.0 


The experiments with excised buds were in most cases carried out in closed, low, 
cylindrical, wide mouthed bottles of constant humidity (Fig. 1). The latter was 
obtained by placing at the bottom a saturated salt solution with an excess of solid 
salt. The vapor pressures of the solutions were taken from available physical 
tables (Tab. 2). The buds were cut off with a razor blade and rapidly placed m 
45 mm. Petri dishes containing a half-melted mixture of paraffin and vaseline 
(equal parts) with a melting point of 44° C, in which they immediately affixed. 
The arrangement is shown in Fig. 1. At intervals the Petri dishes were taken out 
and weighed on a rapid, airdamped, analytical balance. 

In the experiments with twigs, these were placed in 50 ml. Erlenmeyer flasks 
of water, cotton was carefully packed in the necks around the twigs and these 
plugs sealed by a melted paraffin-vaseline mixture. It must be emphasized that 
these experiments were carried out in rapidly circulating air at 20° C+1°. 

The transpiration values of the tables and graphs are usually expressed as water 
lost, or water content of the buds, in per cent of the water content of the saturated 
buds. In. a few instances where the buds taken from the trees seemed to suffer 
from a water deficit, large branches were placed in water in a room of 100 °9/o 
relative humidity some hours before the start of the experiment. 


In consideration of the slow transpiration of the buds the times of ob- 
servation chosen had to be very long as compared with those usual in 
transpiration experiments. This is also ecologically justified, because the 
buds have to endure some four months in winter without noticeable morpho- 
logical changes and, in the case of frost, probably with a restricted supply 
of water from the branch system. The investigation was planned to deal 
with two main questions, namely, the water balance and endurance of the 


STUDIES ON THE WATER BALANCE OF DORMANT BUDS 361 


Fig. 1. Arrangement of transpiration experi- 
ments with excised buds at constant humidity. 
— 1) 10X10 cm. bottle with ground glass 
stopper. — 2) Two 45 mm. Petri dishes with 
paraffin-vaseline mixture carrying the buds.—- 
3) Perforated porcelain plate. — 4) Saturated 
salt solution with excess of solid salt (cf. 
Table 2). 


buds under prolonged exposure to varying water deficits of the air without 
supply, and the capacity of the buds to absorb water from the air. With 
a knowledge of these two properties it would be possible to determine the 
demands placed on the water supply through the branches under varying 
climatic conditions. Although these questions have not been fully answered, 
it seemed justifiable to publish the results obtained hitherto, especially as 
the experiments for natural reasons must be discontinued for nearly one year. 


The time course of the transpiration 


Preliminary experiments at 35 °o relative humidity revealed that the 
transpiration of excised buds rapidly declined if measured at 24-hour 
intervals. This is exemplified in Fig. 2. The transpiration is here given in 
g. per 25 buds. From more than 0.2 g. on the first day it is very near zero 
on the fifth, the buds then having lost nearly 90 °/o of their water. At 100 °/o 
humidity, on the contrary, the fluctuations of the water content were not 
larger than could be accounted for by variations of the humidity of the 
chamber. Transferred to 35 °/o relative humidity, however, these buds 
transpired at a rate equal to that of the former immediately after their 
removal from the branch. This indicates that the excised buds apparently 
maintain iheir properties if only water loss is prevented. The dried buds 
rapidly absorbed water from the air when transferred to 100 °/o relative 
humidity, but they were then already dead. Such preliminary tests showed 
the necessity of limiting the experimental duration to about 5 days at low 
humidities, but that at higher values it can be extended considerably. In all 
instances the vitality of the buds had to be controlled. 
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Fig. 2. The transpiration of excised Carpinus buds. The ordinate gives transpiration and 
absorption of water in gm. per 25 buds, the abscissa shows the time in days. Solid curve 


represents buds at 35 °/o rel. hum. for 1 to 7 day, then transferred to 100 °/o rel. hum.; 
broken curve represents buds at 100 % rel. hum. 1 to 7 day and at 35 °%o rel. hum. 
8 to 11 day. 


In further experiments time curves were determined at different humidity 
levels (Figs. 3 and 4). The most striking feature is the regular course of 
the curves, with steadily decreasing rate of transpiration and rather regular 
intervals between the curves. The decreasing rate of transpiration must 
indicate an incipient drying effect, because all external conditions are held 
constant and there is no stomatal transpiration. Attempts were, therefore, 
made from these and similar experiments to derive an approximate formula 
of this incipient drying effect. 


This was successfully performed in the following manner. Up to five days each 
curve of Figs. 3 and 4 has a logarithmical shape and approximately tallies with 
the equation: log V=a—b:t, where V denotes the water content in per cent of 
the saturation value, t the time in days, and a and b are constants. This equation 
differentiated gives: 


av N Meat : N EN 
ao -V/log e, but since the transpiration, 1 = N ao 


(1) 


~ log e 
In this formula b can be computed from the five determinations of each curve 
by treating it as a function of t and log V and levelling the values according to 


the least square method. The results are given in Table 3. It is obvious that the 
value of b is as nearly proportional to the water deficit as can be expected from 


STUDIES ON THE WATER BALANCE OF DORMANT BUDS 363 


Fig. 3. The water content of excised Carpinus buds at varying humidities. The ordinate 

gives water in °/o of initial value, the abscissa shows the time in days. 1 to 5 day varying 

humidity (A), on the fifth day all transferred to 85 °o rel. hum. (B). Humidity in A: 
Br O40, Wha chs UG ton 0 UNE eth Vz 9820/07 VI 1.002070. 
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Fig. 4. The water content of excised Fagus buds at varying humidities. 
For explanations see Fig. 3. 
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such a series of determinations. Only series I with Carpinus does not fit in with 
the other, but these buds apparently died rather soon and can surely be discarded. 
From the b-values of Table 3 and the water pressure of the air in mm. Hg (P) it 
was computed, again according to the least square method: 


Dearpinus =0.0198 (17 =; P) 
Dpagus —0.0071 (18— P). 


Table 3. The value of »b» of the formula T=b.V/log e. Computed from the material 
of Figs. 3 and 4 for each degree of humidity according to the method of the least 
square sum. 


Serie No Water deficit »b>» 

u Carpinus Fagus 

I 17:9 (0.22) 0.13 

II 11.4 0.215 0.088 

Ill 7.4 0.120 0.069 
IV 3.4 0.048 0.037 

V 1.4 0.010 0.010 

VI 0.0 — — 


When the values of b are inserted in formula (1) and V is substituted by 
W (W=V/100, or the water content in relation to the maximal one), the 
following equations are obtained: 


ane WY (Li) (2) 
ras 1.6 W (18—P) 
or generally T=k- W (P,,,.—P)- 


These transpiration formulas are valid at constant temperature and 
stationary air, but at varying time and humidity. The terms 17 and 18 are 
obtained experimentally but agree as neafly as possible with the theoretical 
saturation pressure of water at 20° C, 17.5 mm. Hg (P,,,.). Thus the factors 
(17—P) and (18—P) denote the water deficit of the air. Since the transpira- 
tion is measured in per cent water of the saturation value on one day, the 
equations do not contain factors of surface or size of the organs. The 
transpiration is proportional to the water deficit of the air and the water 
content of the buds. The latter illustrates the incipient drying effect. Of 
course this is an approximation. The transpiration coefficients (k) 4.0 and 
1.6 show a 2.5 times higher rate of transpiration of Carpinus than of 
Fagus buds. 

Another approximation is more conveniently obtained especially on a 
smaller material but shows the incipient drying just as clearly. If the 
humidity series are compared for one given interval of time or even for 
several intervals simultaneously, and the transpiration is calculated in 
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relation to the water content and P, the relation may be treated as a linear 
one. Then the following equations are obtained: 


=2.7 (W,-19—P) (3) 
=1.5 (W,-19—P). 


Carpinus 


Fagus 


In this computation W, denotes the water content at the beginning of each interval 
of time, but in the previous formula W denoted the water content at the moment 
of transpiration. The formulas are thus not comparable, and are, of course, both 
approximations. Formula (3) is less accurate but may be used in a comparison 
between the objects. The formulas might be combined into one, but the present 
material is not large enough to warrant such a computation. 


Formula (3) shows the incipient drying as an effect reducing the vapor 
pressure of the bud and thus decreasing the diffusion potential between bud 
and air. The general formula should read: 


a dks EP) (4) 


T denotes the transpiration in per cent of the water content of the saturated 
bud, k, is a transpiration coefficient, W, the water content at the beginning 
of the interval of observation, P,,,. the vapor pressure of water at the 
temperature in question, and P the actual water pressure of the air in mm. Hg. 
This formula should in ideal cases be valid even at different temperatures. 
In order to test this only one series of experiments was performed at +2° C 
and 100 and 32 °/o relative humidity, corresponding to water deficits of 
0 and 3.6 mm. Hg. The low absolute figures for the water deficit and 
resulting slow transpiration render such determinations with buds rather 
uncertain, but from the data obtained the following relations were computed 
in the same way as for equations (3): 


=2.2 (5.5 W,—P) 
—1.4 (5.3 W,—P). 


Carpinus 


Fagus 


It must be observed, nevertheless, that the factors obtained, 5.5 and 5.3, 
agree perfectly with the theoretical value 5.3 of the maximal vapor pressure 
of water at +2° C. The transpiration coefficients are slightly lower than at 
20° C, but the differences are not larger than could be accounted for by, 
for instance, differences in the actual temperatures of the buds, which may 


differ from the air temperature. 


The incipient drying effect 


The incipient drying of Betula leaves regulating the cuticular transpiration was 
allocated by Stälfelt (10) to two different diffusion steps, one from the cuticule 
to the air, another between epidermal cells and cuticule. This revealed itself in 
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Table 4. The transpiration for the first 24 hours. Values computed 
in water per hour in °/o of the initial content. Relative humidity 35 °/o. 


‚Hour 
Species 
Dan ae 
| 
| Carpinus TN 120 AT 
| Fagus | 29 | 14 | 12 | 08 


the time course of the transpiration. There was no constant relation between water 
deficit of the leaf and transpiration, but the latter always started with a rapid 
decrease, interpreted as the drying of the cuticule, followed by a steady decline 
caused by the slowly increasing water deficit of the epidermal cells. In order to 
show whether this holds true also for buds, the transpiration was determined at 
intervals of only one hour. This can only be done at high water deficits of the air; 
some typical figures from a series at 11.4 mm. Hg water deficit are shown in- 
Table 4. Very high values were obtained for the first hour, followed by a steady 
decline. 

If we calculate the initial rate of the transpiration by inserting into for- 
mula (2) P=6.1 and W=100 we obtain for Carpinus and Fagus the values 
1.8 and 0.8 °/o respectively in the first hour. Actually found in Table 4 are 
7.0 and 2.9 or about four times greater, and the calculated figures tally much 
better with the experimental figures obtained for the second hour. 

Thus it seems probable that we have a rapid initial phase in the transpira- 
tion of the buds, which may be explained in the manner proposed by Stäl- 
felt. The process expressed by formulas (2) to (4) should illustrate the 
drying of internal parts of the buds. 

The buds are composed of the outer scales or tips of scales, which are 
cutinized or suberized, and the inner green parts. An incipient drying may 
be localized to both of these parts. Some information on this point may 


Table 5. The loss of water from different parts of the buds. The buds diyided into the 
outher, brown scales and the inner, green leaves. Transpiration for 2 days at 30 °%o 


relative humidity. Values given on 30 buds. 
a ee ee eee eee 


Outher scales Inner leaves Whole buds 
Dpeciesrand | sere ER ARLON 7 water 0 
time dry water pte: “dry, > dry | water ur a x dry water 
matter g 8 er [Rats 5 g maltes matter g g 
Carpinus | 
initially 0.410 0.366 89 0.321] 0.624 194 0.731 0.990 
finally M0 409 0.153 36 0.284 0.218 LG 0.706 0.37] 
change |—- 0.012 | —0.213| —53 | — 0.037 | — 0.406 — 117 | — 0.025 | — 0.619 
Fagus 
initially 0.812 0.451 56: 0.643 0.862 135 1.455 1.313 
finally | 0.871 0.278 32 0.633 0.438 69 1.504 0.716 
change | + 0.059 |— 0.173 | — 24 | — 0.010 | — 0.424; — 66 | + 0.049 | — 0.597 
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be obtained by a study of how the loss of water for a comparatively short 
time is distributed within the bud (Table 5). 

A separation of the two parts of bud leaves is difficult to carry out exactly, and 
the figures of Table 5 are therefore slightly irregular, even with respect to the dry 


weights of the parts. The water content of the living inner part is, as was to be 
expected, higher than in the scales. 


The largest amount of transpired water is taken from the green parts. 
The two parts, however, behave similarly in relation to the initial contents, 
the scales having lost 60 and 43 °/o of their water in Carpinus and Fagus 
respectively, and the green leaves 60 and 49 °/o. That might imply an equi- 
lization in the loss of water between the inner and the outher parts, so 
that the relative decrease in moisture becames uniform within the whole 
bud. The result speaks in favour of the assumption that the incipient drying 
is localized to the outer parts of the bud, but in any case it is not restricted 
to the inner, green parts. The picture is very much the same as the one given 
by Stälfelt for Betula leaves, where he postulates the absence of an incipient 
drying at the intercellulary boundaries. 


The absorption of water gas from the air 


In the experiment recorded in Figs. 3 and 4 all buds were transferred to 
85 °/o relative humidity (P=14.9 mm. Hg) after five days. This resulted in 
an obvious absorption of water starting rapidly and proceeding at a de- 
creasing rate. This is quite natural, if the absorption like the transpiration 
depends upon the difference in vapor pressure between bud and air and 
we have a swelling counteracting the absorption. The two series V and VI, 
initially held at 100 and 93 °/o relative humidity, naturally increased their 
transpiration. The regular course of the curves justified a computation as 
with the transpiration, which gave as a result the iwo equations for the 
absorption (A): 

ne 0.81 (SWF) (5) 
= 0.47 20 W,—P). 


Fagus 


The principle underlying the absorption corresponds to that of the 
transpiration: water is absorbed or transpired according to the vapor pres- 
sure difference, and for both processes there is an incipient drying effect, in 
the sense that the vapor pressure of the bud is approximately proportional 
to the water content. 

The absorption coefficients of approximately 0.8 and 0.5 differ signi- 
ficantly from the transpiration coefficients of formula (3), being 30 and 
31 °/o of the latter respectively. This means that the transpiration takes place 
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Table 6. Alternating transpiration and water absorption by Fagus buds. First two days 

at varying humidity, 3d to 5th days all at 100 °/o rel. humidity, 6th to 8th days all at 

30 °/o relative humidity. Values expressed as water p.c. of initial content; figures without 
signs denote transpiration, with +-signs absorption of water. 


sae _ Varying humidity No anton dote Water u 129 
Serres Wale Transpiration ee 
No | deficit R = 
mm Hglist day |2nd day | 34 day | 4th day | oth day | 6th day 7th day | 8th day 
| 
I 17.5 31.4 | 18.6 | +6.3 + 3.0 + 3.0 16.6 CE | 6.9 
II 11.4 20.0 | 16.1 + 4.2 + 3.2 + 3.0 18.6 i 8.2 
IT 7.4 15.9 13.5 + 3.1 + 2.8 + 2.5 | 20.0 12.2 | 8.2 
IV 3.4 10.1 9.2 rs) 220 +1.3 | 25.0 14.3 9.8 
V 1.4 1.0 2.3 0.2 + 0.8 + 1.6 26.5 07, 12.8 
VI 0.0 + 2.5 | + 0.6 1.5 + 0.6 +0.7 | 29.6 20.27 1336 
Transpiration |T = 1.7(18W,—P) T=0.5(16W,—P) T = 2.7(17W,—P) | 
formula | 


three times faster than the absorption, if they are compared at equally large 
but oppositely directed vapor pressure differences. 

In order to verify this result it is necessary to investigate whether the buds 
change their properties during extended experimental treatment separated 
from the twigs. As already mentioned the buds of series I, Fig. 3 were dead 
at the end of the experiment. The same was true of the corresponding buds 
of Fig. 4. There was some doubt as to the condition of the buds of series II 
in both experiments, mainly they were living as studied in swelling and 
plasmolysis tests, but the buds of the remaining series were all sound. A 
further proof with Fagus buds is represented in Table 6. 

At first the buds were held at varying humidities and transpired as those 
of Fig. 4. Already after two days they were all transfered to 100 °/o relative 
humidity and absorbed water accordingly, those of the lowest water content 
taking up the most moisture. Finally they were all held at 30 %o relative 
humidity. The incipient drying effect is visible for all three treatments and 
transpiration formulas were computed in the usual way, by calculating 
transpiration in relation to the water content. The result is given at the 
bottom of Table 6. The vapor pressure factors were estimated to 18, 16 and 
17 respectively, which is in good agreement with the theoretical figure 17.5. 

The transpiration coefficients obtained amounted to 1.7 and 2.7, the first 
tallying with the determinations recorded above, the latter being signi- 
ficantly higher. At any rate the transpiration coefficient does not decrease. 
The absorption coefficient determined between these two figures was esti- 
mated to only 0.5, or the same value as in formula (5). 


The slow rate of water absorption as compared with the transpiration may 
indicate that the incipient drying effect is localized to the surface of the bud scales, 
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and it may be cf the nature of a permeation resistance. An incipient drying caused 
by a purely osmotically regulated vapor pressure of the buds could not act in this 
way. A probability, which ought to be considered, is polar permeability of the 
membranes, not forgetting electroosmotical mechanisms (2). Polar water perme- 
ability, as studied by van Rysselberghe (cf. Brooks and Brooks, 3), always implies 
a higher rate of passage out from than into the cells. The differences given for 
varying objects are as large as 3.6 : 1 to 12 : 1. Boschler (1) found, on the contrary, 
in exact determinations of the water permeability a sometimes higher, sometimes 
lower outward than inward permeation. This passage of liquid water can certainly 
not be strictly compared with the reversible passage of water gas. The extensive 
German literature on transpiration resistance (Transpirationswiderstand) contra 
incipient drying is relevant in this connection but can not be considered in details. 

It seems to be a physical contradiction that evaporation and condensation in 
one object occur at different rates under conditions of the same numerical diffusion 
gradients, with opposite directions only. This would imply a lack of equilibrium 
if the vapor pressures in the object and the air are equal. As for the buds it is 
questionable whether there really is an equilibrium in such a case. It was regularly 
found in all experiments that water saturated, excised buds lost water at 100 °/o 
relative humidity after an insignificantly small increase during the first 24 hours 
(cf. Figs. 3 and 4). This may be due to a loss of osmotic material, increase in 
temperature, or the like, but is is, as a matter of fact difficult to find conditions 
permitting a perfect equilibrium. It is possible, however, that equations (3) are not 
applicable very near the point of equilibrium. —- Some ecological consequences will 
be discussed in the last section. 


The supply of water from the branch 


This side of the water balance has been dealt with earlier at some length, 
and computations have been made of the rates of water flow from the 
beginning of the swelling period (4). During the dormancy the main dif- 
ficulty may be that low temperature or frost hamper the supply of water 
from the branches (8, 12). It is a question of some importance as to what 
extent the buds can utilize water from the nearest parts of the twigs which 
like the buds are subject to more rapid changes of teiuperature, even if 
more distant parts of the branches are continuously frozen (11). An approach 
to this problem was made in some series of experiments in which the ab- 
sorption of water through the branches was inhibited by placing them in 
solutions of high osmotic values. 

Twigs were placed in NaCl solutions of 5 and 20 atm. osmotic values, and 
the transpiration determined. At the usual air temperature of 20°C the 
buds began to swell after a couple of days under such conditions and the 
transpiration rapidly increased (Figs. 5 and 6). Already after one day the. 
transpiration decreased in 5 atm. solutions and still more at 20 atm. The 
transpiration in the first day amounted to 61 and 41 °/o of the water content 
of the Carpinus and Fagus buds respectively, which corresponds to 32 and 
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Table 7. Transpiration and absorption cf water and chlorine by twigs from NaCl- 

solutions. The same experiment as in Figs. 5 and 6. Water g and Cl mgat per four twigs 

with together 16 Carpinus and 12 Fagus buds. Bases of the twigs dipping into the solutions 

not analyzed. Duration of experiment 9 days with Carpinus and 12 days with Fagus. 

Two replicates. Relative humidity of the air 35 °/o. Solutions: dist. water, NaCl 0.119 mol 
(5 atm.), and 0.485 mol (20 atm.). 


| Absorbed by the upper Final concentration | 

Species and CN) OS | part of the twigs Cl mol;l water | 

conc. of - | | | 
solution atm. | water cl Cl/water | water C1 |Cl/water Dale ht 

g mgat mol/l | £g mgat mol/l | | 

Carpinus | | | | 
0 4.029 | 0.009 0.002 4.105 | 0.056 0.014 | 0.018 | 0.066 | 0.079 

5 2.841 | 0.133 | 0.047 3.051 | 0.276 0.091 | 0.248 | 0.204 | 0.124 | 

20 1.949 | 0.277 | 0.142 2.090 | 0.593 | 0.286 | 0.776 | 0.396 | 0.326 | 

Fagus | | | 
0 3.973 | 0.021 | 0.005 3.868 | 0.050 0.013 | 0.022 | 0.102 | 0.014 

5 2.488 | 0.148 0.060 2.428 | 0219 0.090 | 0.199 | 0.229 | 0.027 | 

20 1.733 | 0.256 0.148 1.713217 0.507 0.286 | 0.486 | 0.336 | 0.277 | 


25 °/o of the water of the upper 10 cm. of the twigs, and half as much of 
the water content of the whole twigs used in the experiments. Even such 
a small loss of water from the branch requires a supply from behind, or 
the transpiration should not be so easily affected by the osmotic concentra- 
tion of the external solution 15 to 20 cm. apart from the buds. A pertinent 
question in this connection is the way in which the water passes in the 
branch, and the possibility was discussed, that even during the bud swelling 
period water enters the buds through the phloem. 

This problem has been treated earlier (4); analyses of the uptake of 
chlorine in the present experiments would contribute to clarifying the 
question. One series of analyses is represented in Table 7. 

The Table shows that Cl is retained in the branches to a considerable 
extent. The solution entering the buds had a concentration of 0.142—0.148 M 
‘in the 20 atm. (0.485 M) solution, the one entering the upper half of the 
twig, however, an average centent of 0.286 M Cl. The lower part of the 
twigs could not be analyzed because of wetting of the surface by the 
external solution, but it can be assumed that the solution entering the lower 
wound surface had the concentration of the external solution. Corresponding 
figures are found with the 0.119 M solution. This cannot be explained only 
by a dilution of the absorbed solution by the water present in the twigs, 
because at the end of the experimental period to which these figures refer 
the total transpiration and waler absorption exceeded twice the whole amount 
of water in the analyzed twigs. The highest final concentration of Cl, how- 
ever, is, of course, found in the buds, and then comes the bark, whereas 
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150 


100 


Transpiration 


Fig. 5. The transpiration of Car- 
pinus twigs in solutions of dif- 
ferent osmotic values. Transpira- 
tion first day — 100. A designates 
twigs in dist. water, B in NaCl 
0.119 m (5 atm.), C in NaCl 
6.485 m (29 atm.). Rel. humidity 
of the air 35 0/0. 


50 


150 


Transpiration 


50 
Fig. 6. The transpira- 
tion of Fagus twigs in 
solutions of different 


osmotic values. For 
explanations see Fig. 5. 2 & 6 8 10 Days 


the lowest content is found in the wood. It seems probable that the flow 
of Cl-solution has passed from a place with a lower to one with a higher 
concentration where Cl is retained, because the flowing solution becomes 
more diluted as it moves upward: chlorine is filtered off during the passage. 
If this view is correct, the stream would pass in the direction wood — bark 
— buds. At any rate the results do not contradict such an assumption. 
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Fig. 7. Transverse section 
of the basis of a dormant 
Carpinus bud. f — phloem, 
x — xylem of the solenostele, 
lt=leaf trace, sc=bases of 
bud scales, Enlargement 
AX15, BX5°. 
(Photomicrographs 
by A. Andersson.) 


Fig. 8. Transverse section 
of the basis of a dormant 


: Fagus bud. Cf. Fig. 7. 


A microscopical investigation of the buds revealed that at their bases the 
phloem of the axis is well developed, whereas the narrow xylem consists 
in a dense mass of small thick-walled tracheids (Figs. 7 and 8) of average 
dimensions of about 7X35 y in Fagus and 5X100 u in Carpinus. The stele 
is a solenostele, very narrow especially in Carpinus, and the leaf traces are 
poorly developed. Vessels are completely lacking, but cambial rays are 
conspicuous and sometimes dominate the xylem. This wood section prevents 
the bud from direct contact with the open vessels of the branch system, and 
the construction supports the assumption of a water flow to the buds at first 
passing the cortex parenchyma and the phloem. The slow flow of water in 
winter to the buds may without difficulty pass any tissue imbibed by water 
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Table 8. Transpiration of twigs with intact buds and with the buds removed. Twigs 

placed with bases in solutions of different suction force. First seven days intact buds, 

8—9th days the buds removed and the scars left open. Two replicates. Values given per 

day and 8 buds. Relative humidity 35 °/o. Solutions A: dist, water, B: NaCl 0.119 mol= 
5 atm. osmotic value, C: NaCl 0.485 mol=20 atm. 


Transpiration g 


Day Carpinus Fagus 


5 0.124 | 0.094 | 0.091 | 0.146 | 0.143 | 0.132 
67 0.117 | 0.089 | 0.080; 0.131 | 0.113 | 0.103 


8 0.393 | 0.270 | 0.209 | 0.475 | 0.380 | 0.292 
9 0.365 | 0.221 | 0.180 | 0.446 | 0.310 | 0.212 | 
Ratio aa 3.0 | 26°) sess.) 28 
8/6—7 


and through the well developed phloem extend in- and downwards. It is 
pertinent to mention that fresh bud scars do normally not bleed during the 
bud swelling season. 

When osmotically active solutions are supplied, the transpiration does not 
decrease only or mainly because of a salt accumulation in the buds and a 
following osmotic decrease in the vapor pressure. This may be inferred from 
Table 8, showing one experiment in which the buds were removed after 
having transpired normally attached to the twigs for 7 days. The removal 
caused a rapid increase in the transpiration — even larger than apparent 
from the figures, owing to the small area of the scars. This increase im- 
mediately caused a salt effect on the transpiration much greater than that 
found with intact buds. It seems probable that the effect of the osmotically 
active external solution is mainly due to a hampered flow of water through 
the branches. 


Discussion of the water balance of the buds 


It is necessary to consider at first the ecological significance of the ab- 
sorption of water from the air. 

The coefficients of transpiration and absorption according to equation (4) 
have been calculated, on an average to: 


transpiration kycarpinus = 2-5, Kjragus = 1.6 
absorption — ky carpinus = 0.6, k vagus = 0.5. 


These figures show that water penetrates more slowly into the buds than out 
from them, but that the rates are of the same order of magnitude, the differences 
not being greater than that they might be explained by a polar permeability of the 
membranes, It could be concluded, accordingly, that the absorption of water vapor 
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from the air may contribute significantly to the maintenance of the water balance 
of the buds, especially if the following conditions, often occurring in winter, are 
considered. Al a temperature around the zero point and a high humidity, as usually 
prevailing under the Atlantic climate in south Skäne, on bright days the insolation 
may raise the air temperature and probably also the temperature of the buds, 
causing a water deficit of the air and increasing transpiration for some hours in 
the day. The buds then have to regain the lost water when the temperature and 
the water defieit decrease again in the evening. The duration of the rapid transpira- 
tion is under such eircumstances short as compared with the time of low or no 
water deficit, and a ratio of about 3 : 1 of the rates of transpiration and absorption 
would seem to suffice for maintaining the water balance. The following computation 
shows this to be wrong, however. 


The formula of the absorption A=—k,- (P,,,.- W—P) can for water- 
saturated air be re-written A=k,-P,,. (1—W), where the factor (1—W) 
denotes the water deficit of the buds in parts of the maximal water content. 
It is thus obvious that the absorption always is=k,-P,,,. per cent of the 
water deficit of the bud in one day. The factor k, - P … attains the following 
values for different temperatures: 


max 


t°C 0 Ss, BED a kd 20 
Carpinus 3.7 5.3 7.5 10.5 14.2 
Fagus 2.6 3.3 46 64 88 


This means that for example at +10° C and 100 °/o relative humidity the 
Carpinus and Fagus buds regain 7.5 and 4.6 °/o respectively of the prevailing 
water deficit of the buds, regardless of whether they have previously lost 
much or little water, or for a long or a short time. Not even an unnatural 
long exposure to moist conditions can allow the buds to defray more than 
a part of their water deficit by absorption of water vapor from the air. This 
result is surprising, in view of the rather high coefficient of the absorption, 
but is due to the reversal of the incipient drying effect, or increasing swelling, 
retarding the absorption as the water deficit of the buds decreases. The 
absorption of liquid water from rain, mist, or dew is left out of consideration; 
such an absorption certainly takes place, but it has not been studied. 


Most students of water relations are of the opinion that the absorption of water 
vapor has little ecological significance, an exception forms for instance Michaelis 
(9). It seems probable that the plant species behave variably in this respect, so has 


Wood (13) stated that Atriplex species lacking a cuticle absorb water vapor, 
others do not. 


As well known, the migration of water is not wholly checked even if the 
branches are frozen (12), but it should be investigated whether a positive 
waler balance can always be maintained, even under very unfavourable 
conditions. The prospects of Carpinus and Fagus in this respect are rather 
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unequal, however, and it seems relevant to carry out a close comparison 
between the properties of the two species. 

Equation (2) showed the transpiration coefficient to be about 2.5 times 
higher in Carpinus than in Fagus if computed on a water content basis. The 
transpiration relative to equal amount of buds is, however, 


T carpinus M/day/100 buds=90 - W (P.. —P) 


Tyagus mg/day/100 buds=80-W (P _—P), 


max 


which implies that one Carpinus and one Fagus bud lose water equally 
rapidly. The latter are much larger, however, the fresh weights of 100 buds 
amounting to 4.1 and 10.4 g. in Carpinus and Fagus respectively (Table 1). 
The buds are, moreover, of different shape, the Fagus buds being long, 
narrow, and almost cylindrical, and the Carpinus buds relatively thick with 
conical, pointed ends. The surface development, computed as sq.cm/g. is 
as unequal as 11.5 for Fagus and 14.6 for Carpinus with the ratio Fagus/ 
Carpinus= 1.27. This means that the Fagus buds with smaller surface devel- 
opment are better fitted to withstand dryness. This is solely due to their 
greater size and is partly counteracted by their more slender form. Provided 
the buds had the same difference in size but were of equal form, the ratio 
would have been 1.36. The size of the bud is thus in itself an important 
factor in the water balance. 

The greatest difference, however, lies in the properties of the scales. The 
transpiration relative to unit surface of the buds is: 


Carpinus mg/day/sq.cm. = Lao i Nii (eee Se P) 
Fagus mg/day/sq.cm. — 0.66 - W (ER P) ’ 


the coefficient being 2.2 times greater in Carpinus than in Fagus. 


In order to allow a judgement of the absolute amount of the transpiration these 
formulas must be evaluated into a form comparable to common transpiration 
figures, for instance, by inserting W=1.0 and a water deficit of the air of 10. 
mm. Hg. Recomputed on the basis of mg./hr./dm? the values of 6 and 3 are obtained 
for Carpinus and Fagus respectively. These figures may be compared with the 
transpiration values from the scars given in Table 8, which are computed in the 
same manner and on the basis of the scar surface of 4 sq.mm. (diameter 2.2 mm.), 
giving the figures 5000 for Carpinus and 6000 for Fagus in circulating air. The 
values seem to be of the same magnitude as evaporation determinations (7, 10) and 
indicate that there is little or no resistance to the evaporation from the wounds. 


The relative transpiration can thus be calculated from Table 8 giving 
approximately 2 %0 for Carpinus and 1 °/o for Fagus buds. The figures are 
low, but, as a matter of fact, not much lower than the values of the relative 
cuticular transpiration given by Stälfelt for green birch leaves. For water 
saturated leaves he obtained an average value of about 3.5 °/o and at 10 %o 


24 
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water deficit of the leaf about 1.8 °/o (10, Fig. 5). Gäumann (7) has recorded 
as low figures of the relative cuticular transpiration as 0,4—0,7 °/o in 
stationary air, and 0,1—0,4 °/o in a wind of 5—6 m./sec. This means that 
the bud scales do not isolate against water losses much more than the cuticle 
of an ordinary leaf, their advantage lies simply in the lack of stomata. 

Two more factors contribute to the hardiness of the buds. The importance 
of the incipient drying is obvious from the above discussion, it acts quite 
uniformly in Carpinus and Fagus. It was further shown above (Figs. 3 
and 4) that the water content of the isolated buds in a few days may decrease 
to 10—20 °/o, and that the buds endure a reduction to at least 25 °/o. The 
buds died when their water content was further reduced. They are thus in 
themselves really drought-resistant, and Carpinus and Fagus seem to behave 
similarly in this respect. 

Summing up there are several properties of the buds contributing to the 
maintenance of a proper water balance in winter. First of all, a low perme- 
ability of the bud scales and their lack of stomata, combined with a strong 
incipient drying limit the transpiration. Of further importance are the size 
and shape of the buds and their drought resistance. Of these properties the 
permeability and the size of the buds are more favourable in Fagus, the 
other factors are more equal in the two species. 

From the experimental data a rough computation may be made of the 
total loss of water during the winter dormancy. The formulas obtained take 
all external conditions into account except the wind factor. This was studied 
only cursorily but the following data give an idea of its importance. In 
one experiment with attached buds at 35 °/o relative humidity in strongly 
circulating air the Carpinus buds lost 77 °/o water in one day and the Fagus 
buds 37 ?/o. According to formula (2) they should have lost in stationary 
air 46 and 18 °/o respectively, which means that air circulation about doubles 
the transpiration. Gäumann (7) found the wind effect on the pure cuticular 
transpiration not to exceed 50 °/o; the wind should mainly cause substomatar 
effects. 

The meteorological recordings in Lund for the years ’44 to ’46 state an 
average vapor pressure deficit of the air in winter (November to February) 
of 0.6 mm. Hg (c= #0.2). That corresponds to a water loss for four months 
of approximately 290 °/o for Carpinus and 120 °/o for Fagus, or considering 
the wind factor, the buds should transpire in rough numbers about 5 and 2 
times their own weight of water in winter. 


It can be quoted from the literature that the winter transpiration under eco- 
logical conditions may vary between about 1 °/o of the total water content on one 
day in Abies sibirica (Iwanoff, 8) and up to 10 °/o in Alnus and Sorbus (Michae- 
lis, 9). Iwanoff (8 with references to older literature) has classified Carpinus among 
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the species with a high winter transpiration and an accordingly southern distri- 
bution. The values obtained for Fagus and Carpinus are low, but this is due to 
the humid winter climate. Lund is situated on latitude N 55° 40’ near the northern 
limit of Carpinus, which approximately follows latitude N 56° 30° in Sweden. It 
might be inferred that a more continental winter climate with frost and a low 
humidity of the air may make Carpinus a victim of drought damages. 


Summary 


A study has been made of the transpiration and water balance of dormant 
buds of Carpinus and Fagus. Determinations have been carried out at 
controlled temperature and humidity conditions. The main results are as 
follows: 


1) With both species a regular incipient drying effect was observed, which 
allowed the transpiration to be expressed in the formula T=k- W (P.,.—P), 
where k denotes a transpiration coefficient, W the water content of the bud 
and P,,,, and P the maximal and actual vapor pressures of water of the air. 
The formula was tested at +20° C and +2° C. The coefficient k is 2.5 times 
higher for Carpinus than for Fagus. The incipient drying is probably 
localized to the surface of the bud and may be looked upon as a permeability 
factor. 

2) Buds deficient in water absorb water vapor directly from the air, 
according to a corresponding formula; the coefficients of the absorption are 
about 30 °/o of the transpiration coefficients, indicating an outward perme- 
ability three times as great. Ecologically this absorption of water vapor is 
of little if any importance even under the most favourable conditions for 
absorption from the air. 

3) The relative transpiration of the buds on a surface unit amounts to 
about 1—2 °/o, the higher figure referring to Carpinus, and thus it does not 
differ very greatly from the cuticular transpiration of green leaves. 

4) Furthermore, the size and the shape of the buds are of importance 
to the water balance, the larger Fagus buds being in a more favourable 
position than the Carpinus buds owing to their smaller surface in relation 
to the volume. 

5) The buds are very drought-resistant, and can endure a water loss of 
about 75 °/o without being killed. 

6) The items given under 1), 3), and 4) render the Fagus buds more apt 
to withstand dryness combined with cold in winter than the Carpinus buds. 
During the whole winter dormancy the buds of Carpinus may lose about 
5 and the Fagus buds 2 times their own weight of water in the humid winter 


climate prevailing in Lund. 
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7) There is no open communication between the bud scales and the 
vessel system of the branches, and the slow water current to the buds might 
pass the phloem. 
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On the Determination of Vitamin K in Chloroplasts 
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(Received November 8th, 1948) 


In a previous study on vitamin K in the green plant (Dam, Glavind and 
Nielsen, 1940) the question was raised as to whether the amount of vitamin 
K in the chloroplasts decreased when the leaves of kale were crushed and 
the cell content allowed to stand at room temperature for some hours. Such 
a decrease could be due to enzymes in the press juice, and if sufficiently 
substantial it might influence the conclusions drawn from experiments of 
this type. In order to elucidate this further the following experiments have 
been carried out. 


Experiments 


Fresh spinach leaves were washed and blotted with filter paper under 
light pressure. These leaves were found to be more suitable for preparing 
juice than leaves of kale used in earlier experiments. The clean. leaves were 
ireated in the following ways: 

Experiment 1. 25 g of clean leaves were divided into two equal portions. 
The first portion was dried in vacuo in darkness at room temperature while 
the second portion was kept on steam bath at 100° C for 15 minutes in order 
to destroy enzymes before it was dried in the same way as the first portion. 
The dried leaves of each portion were then ground in a mortar, treated with 
water, allowed to stand 24 hours in darkness at room temperalure, and then 
dried again as before. 

Experiment 2. 350 g of clean spinach leaves were minced on a chopping- 
board, wrapped in cloth and pressed in a Buchner press. 25 cc of the juice 
was immediately placed in CO,-ice and remained there over night where- 
after it was dried in vacuo in the frozen state. 
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Table 1. Vitamin K content in fractions of spinach leaves treated in various ways. 


oo 


Vitamin K veicht of 0/0 of vitamin K 

as us mena- 5 in press juice 

Substance (compare text) fe bg | no. of single |dry mat-|_.overed in the 

ione per m srs 
dey en determinations' ter 8 chloroplasts 

| 
Exper. 1} crushed leaves: | | 
hesteden een 0,026 1 | 

notsheated .. ee... 0,021 2 | | 


Exper. 2| Press juice kept in, | | | 
COR | 0,032 2 | | 


press juice at room | | 
temperature over! 


che Hp ae 2 
Exper. 3 | chloroplasts (KH,PO,) | | 
from 24,3 g of juice 0,13 2 0,33 | 93 | 
chloroplasts (H,O) | ! 
from 24,4 g of press | 
Julee eee ehr 0,14 1 0,281 85 | 
press juice 24,5 g ... 0,033 2 141 4 | 


1 The absolute amount of chloroplast substance is somewhat higher because of in- 
complete separation when water is used instead of KH2PO4. 


Another part (25 cc) of the opaque green press juice containing chloro- 
plasts suspended in the cytoplasm was kept at room temperature in darkness 
over night and then dried in the frozen state. 

Experiment 3. The leaves were minced and pressed as described in 
experiment 2. Then the press juice was divided into three parts. From the 
first part the chloroplasts were isolated by centrifugation after the juice had 
been diluted with m/15 KH,PO, (24 ml juice+36 ml m/15 KH,PO,) to 
facilitate separation. The isolated chloroplasts were dried in vacuo in dark- 
ness at room temperature. 

From the second part the chloroplasts were isolated after dilution with 
H,0 instead of m/15 KH,PO,, otherwise the treatment was the same. In this 
case the separation of the chloroplasts was not complete. 

The third part of the press juice was immediately placed in CO,-ice and 
kept there until it was dried in the frozen state. 

All the preparations were assayed for vitamin K with chicks using 
modification of Dam & Glavind’s method (1938). 

The results are shown in table 1. 

In no case could a destruction of vitamin K be demonstrated when the 
crushed leaves or the press juice of the leaves was left over night at room 
temperature. Nearly all the vitamin K in the press juice was found in the 
chloroplasts. This finding is in accordance with previous results (Dam, 
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Glavind and Nielsen, 1940), when no vitamin K was found in the cytoplasm 
(free from chloroplasts) of kale leaves, but the amount of vitamin K found 
in the chloroplasts from spinach leaves was greater than that previously 
found in chloroplasts from kale. 

In the earlier publication the amount of vitamin K found in the chloro- 
plasts of kale was somewhat low as compared with the content of vitamin K 
found in the total dry matter of kale leaves in still earlier experiments (Dam 
and Schonheyder, 1936). From the present studies it appears unlikely that 
the treatment of the press juice should have resulted in a loss of vitamin K. 


Summary 


The vitamin K content of the press juice of spinach leaves was not found 
to decrease when the juice was left at room temperature over night. The 
chloroplasts were found to contain nearly all the vitamin K present in the 
press juice. 


This work was aided by a grant from the Fund for Applied Chemistry of the 
Polytechnic Institute, Copenhagen. 
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The Deamination of Glycocoll by Green Algae 


By 
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The deamination of glycocoll by Scenedesmus obliquus and Chlorella 
vulgaris has previously been studied in detail (Algéus 1948 a, b). A com- 
parison between the two species suggests that there exists a difference of a 
quantitative nature between them. In Scenedesmus the deamination power 
is overproporlioned and ammonia is surrendered to the nutrient solution. In 
Chlorella (in the following called Chl. vulgaris B) this mechanism is under- 
proportioned and limits the rate of the nitrogen assimilation, 

In this paper investigations are reported of thirteen other species (or 
strains) regarding their reaction towards glycocoll (Tables 1 and 2). The 
majority of these have been isolated in pure culture by the author: some 
have been obtained from the Institute of Plant Physiology of Charles 
University, Praha (cf. Algéus 1946). The growth- and nitrogen- and pH- 
determinations have been carried out at the end of the experimental period. 
Since the experimental conditions naturally affect the rate of growth and 
deamination, varying periods of time had to be chosen in the different experi- 
ments. Reference is made to Algéus (1948 a) for a detailed description of the 
technique employed. The following experiments were performed: 

Exp. 1. Glycocoll+carbon dioxide in light. Experimental time 35 days. 
Initial pH 7.0. 

Exp. 2. Only glycocoll in darkness. Experimental time 40 days. Initial 
pH 7.0. 

Exp. 3. Glycocoll + glucose+carbon dioxide in light. Experimental time 
56 days. Initial pII 6.9. 


Exp. +. Glycocoll+glucose in darkness. Experimental time 63 days. 
Initial pH 6.9. 
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Table 1. Growth, nitrogen metabolism, and pH changes in cultures with glycocoll in light 
(Exp. 1) and in darkness (Exp. 2). 


E Light Dark 
leo | © Ss By RE 
Gch | = ae fen = Lo we) = re =) aS 
Species et eee | ae ae = ne Dar Teen = 
Se le a le HE ll eed) EN EEE 
cues mu. fe) (3) + Le a] => EN Let = © CEA oF x 
See EUS tose Sn = BEI EDS a & = 
| Ne fo} en! - Ÿ 2 ia © = 
om 7 ES | Ss «3 SA. | Be); °0;:| = 
CONS im. CAS AIUE Ur on 
Teen dE Me 
| | ! | 
Haematococcus pluvialis 300 | 1.21 | 0.05 | 805. 1.5 | + |0.01| 0 —- 6.8 
| | | 
Chlorella sp. A. .2...... 5,800 0.37) 0 | 13. | 7.0 | 180 | 0.02! 0.04| 20. | 6.9 
5,600 0.31: 0 PT | | | 
Chlorella vulgaris M ... | 18,800, 0.94' 0 LOLOUS 7.4 + 0.01 | + — 6.7 
18,000 ! 0.79; 0 feito} ||) Lhd 
Chlorella protothecoides 1,300 0.17 0 26. Tle 950" 105035 O62) Tes 
1,200: 0.18 0 30. 7.0 | 980 | 0.03) 0.56) 6 1.0 
Ankistrodesmus falcatus 2,200 1.51) 0.48 | 137 8.0 | + | 0.01] 0.02 I 6.9 
2,2007 126 0.63 114. Tis) | 
Scenedesmus dimorphus .| 17,900 1.40 | 1.14) 15.7| 8.6 | 160 | 0.02; 0.09; 30 7.0 
17,900: 1.52 1.05!) 11.7| 8.6 | | 
| | | 
Scenedesmus acuminatus | 4,900 1.58 | 1.09, 65. 8.221 pastes 0.018) 0203.) — 6.8 
4,100° 1:75) V.11) 75. | 82 | | 
| Scenedesmus acutiformis 820° 1.91 |70:27 470 8.1 + | 0.01) 0.01| — 7.0 | 
700 1.894 0.43; 540 8.1 | 
Scenedesmus quadricauda| 5,400 1.47: 0.85 54 81 = 0.03 | 0.03; — 6.9 | 
5,100 1.65 | 0.85 65 8.1 | | | 
| Stichococcus bacillaris ..| 19,300 0.47.| 0.02 3:27) 6.8 ae 0.01; O | — 6.8 | 
19,900 0.45 | 0.02 AO 7140 | | | 
Witormidium sp. 1....:... Bye | MAGI 0 — 6.8 | 0 | 00 EN 
| 
| | | | 
Hormidiıumı sp. 2 .......| 7,000; 0:98)! 2:12 28. 8.3 | 650 | 0.07 | 1.03; 20. | 7.5 
7,500 | 0.93 | 2.830 | 25. | 8.3 | 580 | 0.05 0:71: 209 126 
DUREE, a our BORN OR Mineo meine 60 I | 7.0 
a | OED | | | | 


1 mg dry weight. 


The results of Exp. 1 are shown in Table 1 (light). The growth is expressed 
in the number of cells per mm? for both unicellular and coenobic species. 
For two filamentous algae the growth is given in mg dry weight per culture. 
The highest: quantity of protein nitrogen was found in the Scenedesmus and 
Ankistrodesmus cultures, while the Chlorella cultures had a low protein 
content. Ammonia could not be demonstrated in any Chlorella culture, nor 
in the cultures of Hormidium sp. 1 or Zygnema. The great difference be- 
tween the Hormidium species. is surprising. Hormidium sp. 1 has a limited 
power of deamination but assimilates the entire amount of liberated nitrogen, 
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and, therefore, it has a relatively high protein content. Hormidium sp. 2 has 
a great power of deamination but assimilates only a minor portion of the 
nitrogen, and, consequently, the nutrient solution contains a high amount 
of ammonia. Similar physiological differences between closely related 
Hormidium species have previously been established (Ondratschek 1940). 
The nitrogen content of the individual cell varies greatly in the different 
species. It is remarkably high in Haematococcus, Ankistrodesmus, and 
Scenedesmus acutiformis. The pH changes in the cultures are related to the 
formation of ammonia. 

The values in Exp. 2 (Table 1, dark) are the average values of usually 
four analyses. With glycocoll as the source of carbon and nitrogen the 
growth is completely insignificant. There are two exceptions, however: 
Chlorella protothecoides and Hormidium sp. 2, which, evidently, can utilize 
the carbon in glycocoll better than the other species. In spite of the low 
cell number ammonia could be demonstrated in the majority of cultures, 
even in the Chlorella cultures, in agreement with earlier results. The nitrogen 
content per cell in Chlorella sp. A and Scenedesmus dimorphus is higher 
than in the light cultures; in Chlorella protothecoides and Hormidium sp. 2 
it is lower. In the latter two the accumulation of nitrogen in the cells is 
evidently prevented by a more intensive cell division. 

The addition of glucose has a strongly stimulating effect upon the growth 
in many cases (Exp. 3, Table 2, light). In other cases the effect is insigni- 
ficant or none at all, probably due to the pH changes in the glucose solutions 
which are less favorable for growth. The amount of nitrogen liberated in 
the process of deamination (assimilated N+ammonia N) is high. As in Exp. 
1 the cultures of Chlorella vulgaris M, Chlorella protothecoides, and Zyg- 
nema do not contain any ammonia. The fact that Chlorella sp. A and 
Hormidium sp. 1 contain small amounts of ammonia can depend upon the 
low pH of these cultures. According to previous investigations the power of 
deamination increases with decreasing pH. 

Glucose+ glycocoll in darkness (Exp. 4, Table 2, dark) have given good 
growth in several cases, and in other cases insignificant or no growth at 
all. There is a striking difference between the Hormidium species. Relatively 
large amounts of nitrogen have been released during deamination but were 
assimilated again, so that the solutions contain ammonia only exceptionally. 

The thirteen species (or strains) mentioned above can be divided into two 
groups: the first including Haematococcus, Ankistrodesmus, the Scenedes- 
mus species, and Hormidium sp. 2, and the second including the Chlorella 
species, Hormidium sp. 1, and Zygnema. The species in the first group agree 
in their reaction to glycocoll with the previously investigated Scenedesmus 
obliquus: the power of deamination is great and an excess of nitrogen is 
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Table 2. Growth, nitrogen metabolism, and pH changes in cultures with glycocoll+glucose 
in light (Exp. 3) and in darkness (Exp. 4). 
a 


= © Light j Dark 
R = À En - © en = 
nn =. Een... 
az a |l83|25|,°2 
Species SE 28 a 2 Lg 2 = 2 5 Zaren 2 
dd co ee | Jess 2e) 
SES |.) RÉ) 6 | ES JES S25] BE! 8 
DS EQ Sr | Ex Ore NA Farah Gs OURS NBI 
D PE 5 |8e) a5) is 
« E | « © sé “he = 2 3 | 
| | 
Haematococcus pluvialis 160124100023 3020.77 0 |: 0 0 == | 6.8 
210| 3.19] 0.21 3040. | 7.7] 0 | Oy | 6.8 
Chlorella sp. ARC... 520 | 0.04/ 0.04; 20. | 4.9 100! 0.05, 0 |100. | 5.9 
| 
| Chlorella vulgaris M ....| 45,800 | 1.89 0 | 8.3.7.1) 95100) 1-15) 0 25.0! 6.5 
44,700  1.92| 0 | SHO! WEL BOO 21.15.2202 | BE) 
Chlorella protothecoides 130| 0.06] 0 90.0 RAM 100 | 0.09; 0 |200. : 4.4 
Ankistrodesmus falcatus 9,900 | 2:91 | 3.29° 58.9 | 7.61" 5,900 | 2.59 | 0.23| 88. ek 
2,100; 2.90 | 0.06 | 276. 7.7| 6,000 | 3.11 | 0.23] 103. 7.1 
Scenedesmus dimorphus 9,900 | 3.37 | 1.61 68.2| 7.8 770 | 0.24| 0 62. | 4.9 
9,900 | 3.37 | 2:09; 68.2 | 7.9 860, 0.24, 0 5647| 5:0 
Scenedesmus acuminatus | 4,800 | 1.48 0.63 | OURO IZ MG 9001 551N0 1045 061 
4,500 | 1.51 | 0.62 67.0 | 7.4 
| Scenedesmus acutiformis | 2,200 | 3.95 | 0.54) 359. 6.8 SAONE 50100967 
ö 2,000 | 3.95 | 0.54 | 395. | 6.8 990 | 1.53| 0 |309. | 6.7 
| Scenedesmus quadricauda| 6,600 | 2.41 | 0.79) 73. | 7.1| 3,700 | 2.22 | 0.36 120. 7.1 
OOOH 205792285 TAN 3,400 | 2:23 | 0:36) 131 fol 
Stichococcus bacillaris ..| 28,200! 0.92 | 0.13 6.5 | 4.3 | 20,900 | 0.45| 0 4.3: 5.3 
27,500 | 0.89 | 0.13 | 6.5 | 4.3 | 20,900 | 0.45| 0 4.3: 5.3 
Ormidiim es D ME 2: CELR OP oun ON 5.5 0 0 OFS Ges 
| Hormidium sp. 2 .......| 26,000 | 0.84 | 2.18 65. 7.6 | 23,200: | 1.54 0 1328 | 3.8 
24,000 | 0.80 | 2.15 Gr. 
VPLUGICTIGAS De LE re 3012170252780 — 57 0 0 0 — 6.8 


1 mg dry weight. 


surrendered to the nutrient solution as ammonia (Scenedesmus type). In this 
respect the group is closely related to the heterotrophic fungi and bacteria. 
The species in the second group agree with Chlorella vulgaris B: the deamin- 
ation limits the rate of the nitrogen assimilation (Chlorella type). All the 
species in this study had the same reaction to glucose+glycocoll in light 
and in darkness as the two previously examined. Glycocoll is a poor source 
of carbon for the majority. 

The green algae mentioned above are all common in natural waters which 
are more or less contaminated by organic nitrogenous substances. They 
frequently occur there in high production. It is obvious that certain ones of 
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these, namely, those of the Scenedesmus type, contribute to the self-puri- 
fication of the water by converting organically bound nitrogen to ammonia. 


Summary 


1. Thirteen green algae species, representing the genera Haematococcus, 
Chlorella, Ankistrodesmus, Scenedesmus, Stichococcus, Hormidium, and 
Zygnema, have been investigated regarding their reaction to glycocoll in 
pure cultures. 

2. The species can be divided into two groups. One of these shows agree- 
ment with Scenedesmus obliquus, which has previously been studied in 
detail: the power of deamination is great and an excess of nitrogen is sur- 
rendered to the nutrient solution as ammonia (Scenedesmus type). 

3. The other group agrees with the earlier investigated Chlorella vulgaris: 
the deamination limits the rate of the assimilation of nitrogen (Chlorella 
type). 

4. Glycocoll is a poor source of carbon for the majority. All species be- 
have similarly towards glucose +glycocoll in light or in darkness. 

5. It is evident that the species of the Scenedesmus type contribute to a 
high degree to the self-purification of natural waters by converting orga- 
nically bound nitrogen to ammonia. 
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A remarkable feature in many mushroom species is their capacity of 
forming hydrocyanic acid (Heinemann 2, Müller 3, Langeron 4, Bach 1). 
The author has for several years been studying the physiology of these 
fungi, working especially with Pholiota aurea (Matt.) Fries. In the course 
of this work some new facts about the formation of hydrocyanic acid in 
the fruit bodies were observed. 

1. When freshly collected, intact fruit bodies of Pholiota aurea were cut 
into small pieces and immediately extracted with 0.2 N sodium hydroxide, 
no hydrocyanic acid could be found after distillation of the extract. Pro- 
duction of hydrocyanic acid was only observed when the mushroom pieces 
were stored for some time before extraction. 

2. The production rate was examined for different samples of Pholiota 
in 48-hour experiments with 15 g of freshly prepared pieces in closed 1.5 
liter boiling flasks. The rate ranged at 20° C from 81 to 315 mg HCN per 
100 g of dry matter per 48 hours. 

3. Preliminary experiments revealed that the production rate varied with 
the amount of mushroom pieces used for the determination. Experiments 
with samples of 15, 30 and 60 g taken from one and the same stock of 
freshly prepared pieces and kept in closed 1.5 liter flasks for 48 hours, 
showed the highest rates for the smaller samples, lower rates for the 30 g 
samples, and the lowest rates were found for the 60 g samples. 

4. An investigation of the respiratory rate showed that the mushroom 
pieces had an oxygen consumption of approx. 300 ml O, per hour per 100 g 


[387] 


388 ERNA BACH 


Table 1. Determination of HCN in fruit bodies of Pholiota aurea. 


Fresh Dry Extracted 24 Production of HCN 
Date weight matter Treatment hours with NaOH (mg/100g dry 
ee (8) (ml) matter) 

26. 15 1.04 Directly extracted 75(0.2N) 0 
13. 30 2.67 | 48 hours in N,- 

| atmosphere 150(0.2N) ET 
26. 15 1.04 48 hours in 

atmospheric air 75(0.31N) 315 
Idem 15 1.04 | 48 hours in an 

O,-current 75(0.41N) 681 
Idem 60 4.16 Idem 300(0.45N) 489 


dry matter. Thus the 300 ml oxygen in a 1.5 liter flask will not be used 
up by a 15 g sample (about 1.5 g dry matter) in 48 hours. A 30 g sample, 
however, will consume all the oxygen in about 36 hours and a 60 g sample 
will consume it in only 18 hours. On the basis of these considerations it was 
assumed that the diversities in the HCN production paragraphed above was 
caused by the different oxygen gradients in the flasks. 

5. Further experiments proved that this assumption was true. If the 
flasks, immediately after insertion of the mushroom pieces, were filled with 
nitrogen, no production of HCN took place. An experiment with 15 g of 
pieces of the same stock yielded in 48 hours 315 mg per 100 g dry matter 
when enclosed in a flask with atmospheric air. A third experiment showed 
that the production rate was doubled when a steady stream of oxygen was 
maintained through the flask (see Table 1). Thus it must be taken for gran- 
ted that the HCN production depends upon the oxygen pressure. 

6. Heating the material to a temperature above 49° C before the experi- 
ment inactivated the process. 

7. Some experiments with Clitocybe geotropa (Bull.) gave results which 
were in close agreement with those obtained with Pholiota aurea. No hydro- 
cyanic acid could be observed in freshly prepared material, and the depen- 
dency of the production of this acid on the oxygen pressure could easily 
be demonstrated. The production rate was only determined in a single 
experiment and amounted to 76 mg HCN per 100 g dry matter in 48 hours. 

The results indicate that the process by which hydrocyanic acid is formed 
in the mushrooms is of enzymatic nature. The reason why the process neces- 
sitates a relatively high oxygen pressure could be: Either that the HCN 
production is caused by an oxidative decomposition, for instance of certain 
amino acids, or, less probably, it could be assumed that substances formed 
by intramolecular respiration at low oxygen pressure inactivate the enzymes. 
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Einleitung 


In den letzten Jahren sind an diesem Institut Untersuchungen über die 
Bedingungen des Wachstums isolierter Kiefernwurzeln in Reinkultur aus- 
geführt worden (Slankis 1947, 1948). Im Anschluss hieran wurden auch 
Forschungen über den Einfluss verschiedener Mykorrhizapilze auf isolierte 
Kiefernwurzeln begonnen. 

Bekanntlich verzweigen sich die Kurzwurzeln der Kiefer oft stark, wenn 
sie mit mykorrhizabildenden Pilzhyphen infiziert worden sind und My- 
korrhizen gebildet haben (Melin 1925, Hatch 1937, Modess 1941, Björkman 
1942). Bei der Kiefer ist diese Verzweigung dichotomisch, bei den meisten 
anderen Waldbäumen dagegen monopodial. Die nachstehend mitgeteilten 
Versuche dienten dem Zweck, den Einfluss der Mykorrhizapilze auf die 
Verzweigung der Kiefernwurzeln zu studieren. 


Methodisches 


Für die Kultivierung der isolierten Kiefernwurzeln wurde die Salzlösung von 
Robbins und White (1936) benutzt (vgl. Slankis 1948, S. 279). Dieser Lösung 
wurden 50 y Aneurin-HCI (Merck-Darmstadt) und 500 y Cholinchlorid (Hoffmann- 
La Roche) je Liter zugesetzt. Als Kohlehydratquelle wurde gewöhnlich 4 °/o Glukose 
(Coleman & Bell Co., C. P.), in einem Fall aber 7 °/o Saccharose (Merck-Rahway, 
N. J.) verwendet. 

Bei den Versuchen wurden 100 ml-Erlenmeyerkolben (franz. »Pyrex» oder 


Jenaerglas) mit 20 ml Nährlösung benutzt. Die Nährlösung wurde 15 Min. bei 1 Atm. 
Überdruck sterilisiert. 
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Das Samenmaterial stammte aus der schwedischen Provinz Wärmland (Udd- 
heden, 110 m ü.d.M.). Über die Methodik der Sterilisierung der Samen und der 
Wurzelisolierung siehe Näheres Slankis (1948, S. 278). 

Zur Impfung wurden drei Pilze verwendet, die experimentell als Mykorrhiza- 
Bildner nachgewiesen sind, und zwar Boletus variegatus (Sw.) Fr., Boletus luteus 
(L.) Fr. (Melin 1923) und Cenococcum granijorme (Sow.) Ferd. & Winge (Hatch 
1934, Lihnell 1942). Die Pilze wurden von den im Institut befindlichen Stamm- 
kulturen gewonnen: Boletus variegatus Nr. 668/31 in Reinkultur von jungen Frucht- 
korpern 1945, Boletus luteus Nr. 668/28 in Reinkultur von jungen Fruchtkérpern 
1945, und Cenococcum graniforme Nr. 668/12 von Birkenmykorrhiza 1945. Die 
Impfkulturen wurden nach Fries (1938, S. 13) bereitet. Als Substrat fiir die Impf- 
kulturen diente Hagemmalzagar (vgl. Fries 1943, S. 21). In jeden Kolben wurde 
ein 1,5X 1,5 mm grosses Stückchen der Impfkultur gebracht. 


Experimentelle Ergebnisse 


Versuch 1. Die Wirkung von Boletus variegatus auf die Verzweigung 
isolierter Wurzeln von Pinus silvestris. 


Zum Versuch wurden ca. 6 Monate alte isolierte Kiefernwurzeln ver- 
wendet, die in 4°/oiger Glukose oder 7°/oiger Saccharose als Kohlehydrat- 
quelle gewachsen waren. Die Wurzeln wurden mit Boletus variegatus ge- 
impft und in einen Thermostat bei 20° C gebracht. 

Im Laufe der Entwicklung des Pilzmyzels war zu beobachten, dass sich 
vom Hauptmyzel in verschiedenen Abständen um die Verzweigungen der 
Wurzeln mehrere einzelne Hyphenkolonien bildeten (Fig. 1), die allmählich 
grösser wurden und endlich in eine kompakte Myzelmasse zusammenflossen, 
welche die isolierte Wurzel fest umfasste (Fig. 6b). Im Verlauf von 1 bis 2 
Wochen wuchs eine Anzahl von Kurzwurzeln ziemlich schnell. Nach 2 bis 4 
Wochen begann eine erhebliche Zahl der Wurzelspitzen sich diehotomisch 
zu verzweigen, auch in Fällen, wo sie noch nicht von Pilzhyphen erreicht 
worden waren, oder es bildeten sich schwache Anschwellungen an den 
Wurzelspitzen (Fig. 1). In einzelnen Fällen verzweigten sich dichotomisch 
auch die Spitzen von Langwurzeln (Fig. 4). Ausserdem nahmen in manchen 
Fallen ältere Saugwurzeln, die ihr Streckungswachstum schon eingestellt 
hatten, ihr Wachstum wieder auf. Auch diese Wurzelspitzen begannen ent- 
weder sich dichotomisch zu verzweigen (Fig. 2), oder bildeten die schon 
erwähnten Anschwellungen. Eine ähnliche dichotomische Verzweigung war 
bei den isolierten Kiefernwurzeln auch nach der Impfung mit Boletus luteus 
zu beobachten (Fig. 3). Die dichotomischen Verzweigungen mit ihrer weissen 
Farbe und ihren etwas angeschwollenen Spitzen glichen den Gabeln von 


Kiefernmykorrhizen. 
Mit Boletus variegatus geimpfte Wurzeln zeigten eine dichotomische Ver- 
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Fig. 1. Dichotomische Verzweigun- 
gen einer isoliert gewachsenen Kie- 
fernwurzel, die mit Boletus varie- 
gatus geimpft wurde, Das primäre, 
grosse Myzel links. Aufnahme 20 
Tage nach der Impfung. Kohle- 
hydratquelle 4 °/o Glukose. 3X1. 


Fig. 2. Dichotomische Verzweigungen an alten, schon fertiggebildeten 
und braun gewordenen Kurzwurzeln einer isoliert gewachsenen Kie- 
fernwurzel, die mit Boletus variegatus geimpft wurde. Der weisse 
Strich bezeichnet die Grenze des nach der Impfung mit dem Pilz ge- 
wachsenen Teiles einer Kurzwurzel. Aufnahme 50 Tage nach der 
Impfung. Kohlehydratquelle 4 °/o Glukose. 4X1. 


Fig. 3. Dichotomische Verzweigungen 
einer isoliert gewachsenen Kiefern- 
wurzel, die mit Boletus luteus geimpft 
wurde. Aufnahme 60 Tage nach der 
Impfung. Kohlehydratquelle 4 °/o Glu- 
kose. 10X1. 
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Fig. 4 Eine von Hyphen noch 
nicht erreichte Langwurzel einer 
isoliert gewachsenen und mit 
Boletus variegatus geimpften 
Kiefernwurzel. Die Kurzwur- 
zeln haben sich dichotomisch 
verzweigt. Aufnahme 20 Tage 
nach der Impfung. Kohlehydrat- 
quelle 4 °/o Glukose. 10X1. 


Fig. 5. Dichotomische Ver- 
zweigungen einer isoliert ge- 
wachsenen Kiefernwurzel, die 
mit Boletus variegatus geimpft 
wurde. Aufnahme 60 Tage nach 
der Impfung. Kohlehydratquelle 
7 °/o Saccharose. 10X1. 


zweigung unabhängig davon, ob die Kohlehydratquelle in der Nährlösung 
4 1/o Glukose oder 7 °/o Saccharose war. In beiden Fällen wurden wiederholte 
dichotomische Verzweigungen beobachtet (Fig. 2, 4, 5). Von Interesse ist, 
dass solche Verzweigungen auch bei Wurzelteilen entstanden, die noch nicht 
von Hyphen umsponnen und infiziert waren. Fig. 4 zeigt eine Langwurzel 
mit neuhervorgewachsenen dichotomisch verzweigten Kurzwurzeln, die noch 
nicht von den Boletus-variegatus-Hyphen erreicht worden sind. Auch bei 
mikroskopischer Untersuchung wurden hier keine Hyphen gefunden. Dies 
lässt darauf schliessen, dass das Myzel von Boletus variegatus nicht nur in 
den Wurzeln, sondern auch in der Nährlösung einen oder mehrere Stoffe 
ausscheidet, die eine Ausbildung von Gabeln hervorrufen. Man konnte des- 
halb annehmen, dass Nährlösung, in welcher Boletus variegatus gewachsen 
war, und welche Exudate des Pilzes enthielt, eine ähnliche Gabelverzweigung 


verursachen würde. 
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Fig. 6. Myzel von Boletus variegatus in Wurzel- 
nährlösung nach 30 Tagen: 

a) ohne isolierte Kiefernwurzel 

b) zusammen mit isolierter Kiefernwurzel. 


Aufnahme 30 Tage nach der Impfung. Kohle- 
hydratquelle 4 °/o Glukose. 


Versuch 2. Wirkung von Exudaten von Boletus variegatus auf die Ver- 
zweigung isolierter Wurzeln von Pinus silvestris. 


Bei diesem Versuch wurden der Wurzelnährlösung drei verschiedene 
Exudatlösungen von Boletus variegatus zugesetzt. 


Exudatlösung A: Der Pilz wurde 30 Tage bei 25° C in 20 ml je Kolben Wurzel- 
nährlösung in Reinkultur gezüchtet. In dieser Nährlösung entwickelte er sich schwach 
(Fig. 6a). Das mittlere Gewicht des trockenen Myzels nach 30 Tagen war 3,2 mg. 

Exudatlösung B: Der Pilz wurde in gleicher Nährlösung 30 Tage bei 20° C kulti- 
viert, jedoch zusammen mit isolierter Kiefernwurzel. Die Entwicklung des Pilzes 
war hier besser als in der Reinkultur (Fig. 6b). 

Exudatlösung C: Der Pilz wurde 15 Tage in einer von Melin und Lindeberg (1939) 
angewandten und später von Lindeberg (1941) modifizierten Nährlösung (20 ml je 
Kolben), die sich für das Wachstum von Boletus variegatus als besonders günstig 
erwiesen hat, beit 25° C kultiviert. Das mittlere Trockengewicht des Myzels betrug 
nach 15 Tagen 87,1 mg. 

Man könnte erwarten, dass die grosse Salzkonzentration in der Exudatlösung C 
schädlich auf die Wurzeln einwirken würde. Um den eventuellen Effekt der Salze 
dieser Lösung zu konstatieren, wurden parallele Kolben nur mit Nährlösung ohne 
Boletus variegatus aufgestellt (Lösung C,). Die erwähnten Nährlösungen mit den 
Myzelien von Boletus variegatus wurden aseptisch durch sterile Watte filtriert, um 
sie von den Pilzhyphen zu befreien, und dann, ohne sie zu autoklavieren, zu Wurzel- 
nährlösung mit ca. 6 Monate alten isolierten Wurzeln zugesetzt. 


Am Anfang des Versuches wurde pH in allen Gruppen mit HCl und NaOH 
auf ca. 4,4 eingestellt. Die Mengen der zugesetzten Exudatlösungen sind in 
Tab. 1 angegeben. Die Dauer des Versuches betrug 50 Tage bei 20° C. Die 
Nährlösung wurde nach 30 Tagen erneuert. 

Wie zu erwarten war, begann unter dem Einfluss des Pilzexudates eine 
Anzahl der Kurzwurzeln sich dichotomisch zu verzweigen, und es bildeten 
sich auch in diesem Falle mykorrhizaähnliche Gabeln (Tab. 1, Fig. 7, 8) 


}° 
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Tabelle 1. Einfluss der Exudate von Boletus variegatus auf die dichotomische Verzweigung 
isoliert gewachsener Kiefernwurzeln nach 50 Tagen in Nährlösung mit Glukose. 


EEE VE BET —— 


| Re MittlererZu- Anzahl 
Grup- Nährlösung 1 a wachs der | der dichoto- | Anfangs | End 
| pen SG Wurzeln [mischen Ver-| -pH -pH 
PI mm zweigungen 

et 

K |N 20 ml 2 541 0 4,4: 538 

UNE Fes beat Dour nl 3 146 3,3 4,5 | 45 

ENSIGN nA. 4 > 3 ey eee 4,7 LA 1 76,4 

N AS » | 3 111 10,0 4,5 4,3 

MENT an fer 5 > 2 193 39,0 4,4 4,5 

Ia ;N20 >» +C 025 » 2 66 3,7 4,4 4,2 

N 195 »+C 0,5. » 3 32 0 4,4 4,5 

N 19 > CE » 3 40 0 | 4,4 4,5 

EN 8s “she's > 3 | 78 | 0 | 44 5,1 

IN 16 » +C 4 > | 3 | 12 | 0 | Ara Se!) 

| Wb | N20 » +C, 025 > 3 32) À 0 | 44 | 3,9 

| N195°7» #C,.05 > 3 78 0 | 44 4,0 
| EN re à | 34 0 4,4 39 

IN IS» EC, 2 » | 3 | 10 0 4,5 3,9 


1 N=Die angegebene Nährlösung (S. 390) mit 4 °/o Glukose. 
A=N, worin Boletus variegatus ohne Wurzel 30 Tage bei 25°C gewachsen war 
(Exudatlösung A). 
BEN, worin Boletus variegatus zusammen mit isolierter Kiefernwurzel 30 Tage 
bei 20°C gewachsen war (Exudatlösung B). 
C=Lindebergs Nährlösung (S. 394), in welcher Boletus variegatus 15 Tage bei 
25°C gewachsen war (Exudatlösung C). 
Cı=Nährlösung C ohne Pilz, 15 Tage bei 25°C gehalten. 


Während der ganzen Dauer des Versuches entstanden neue Gabeln. Ebenso 
wie in Versuch 1 zeigten auch hier sowohl die neuhervorgewachsenen (Fig. 8) 
als auch die schon fertiggebildeten Kurzwurzeln eine dichotomische Ver- 
zweigung. Von den letzteren verzweigten sich nicht nur jüngere, die noch 
weiss waren (Fig. 7), sondern auch ältere, die sich schon zu bräunen begon- 
nen hatten. So ist z.B. in Fig. 8 eine gelbbraune Kurzwurzel abgebildet, die 
sich unter dem Einfluss der Pilzexudate mehrfach dichotomisch verzweigt 
hat. Die weissen Gabeln dieser Wurzel unterscheiden sich deutlich vom 
gelbbraunen Basalteil. 

Gegenüber den Ergebnissen des Versuches 1 sind hier einige Unterschiede 
festzustellen. Die Pilzexudate steigerten das Streckungswachstum der Kurz- 
wurzeln nicht, sondern dichotomische Verzweigungen der Kurzwurzeln be- 
gannen schon nach 10 Tagen in Gruppe I mit 2—8 ml der Exudatlôsung' A, 
in Gruppe II mit 15 ml der Exudatlösung B und auch in Gruppe III mit 
0,25 ml der Exudatlösung C. Ein Teil dieser dichotomischen Verzweigungen 
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Fig. 7. Junge, fertiggebildete Langwurzel mit zwei 
dichotomisch verzweigten Kurzwurzeln, die unter 
dem Einfluss von Exudaten von Boletus variegatus 
(15 ml Exudatlösung B, siehe Tab. 1) entstanden 
sind. Aufnahme 50 Tage nach dem Zusatz der 
Exudatlösung. Kohlehydratquelle 4 °/o Glukose. 
10X1. 


Fig. 8. Alte, braungewordene Langwurzel (von der- 
selben isolierten Wurzel wie in Fig. 7) mit einer 
schon fertiggebildeten gelbbraunen (unten) und einer 
neugebildeten weissen (oben) Kurzwurzel, die sich 
unter dem Einfluss von Exudaten von Boletus varie- 
gatus (15 ml Exudatlösung B, siehe Tab. 1) gegabelt 
haben. Die Grenze zwischen dem gelbbraunen Ba- 
salteil und der neugewachsenen weissen Gabel der 
alten Kurzwurzel ist durch einen Strich bezeichnet. 
Die Abbildung zeigt auch einige alte Kurzwurzeln, 
die nicht zum Wachstum angeregt wurden. Aufnahme 
»0 Tage nach dem Zusatz der Exudatlösung. Kohle- 
hydratquelle 4 °/o Glukose. 10X1. 


fing langsam an, in die Länge zu wachsen, und verlor damit die Mykorrhiza- 
Gabeln ähnliche Gestalt. An den in die Länge wachsenden Gabelverzwei- 
gungen entwickelten sich in einigen Fällen Wurzelhaare. 

Wie aus Tab. 1 ersichtlich ist, haben sich die meisten Gabeln in der 
Gruppe II gebildet, wo die mittlere Anzahl der Gabeln 39 war. Dann folgt 
Gruppe I, wo durch den Zusatz der Exudatlösung A von 2—8 ml je Kolben 
die mittlere Anzahl der Gabeln von 3,3 auf 10 gesteigert wurde. Es ist sehr 
möglich, dass bei einer Erhöhung der Menge Exudatlösung A auf 15 ml je 
Kolben die Zahl der gebildeten Gabeln auch hier, wie in Gruppe II, höher 
sein würde. Jedoch ist kaum anzunehmen, dass mit den Exudatlösungen A 
und B die maximale Effeklgrenze der Wirkung des Stoffes erreicht werden 
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könnte. In der Nährlösung für Kiefernwurzeln entwickelte sich Boletus 
variegatus sowohl in Reinkultur als auch zusammen mit isolierter Wurzel 
sehr schwach (Fig. 6). Infolgedessen werden natürlich in den Lösungen A 
und B wenig Exudatstoffe ausgeschieden. Obgleich die Exudatlösung C 
reicher an Pilzexudaten ist (schon 0,25 ml Zugabe in Gruppe III steigert 
die mittlere Zahl der Gabeln auf 3,7), so wirkt sie doch wegen der hohen 
Salzkonzentration schädlich auf das Wachstum isolierter Wurzeln. Dies wird 
klar, wenn man die Entwicklung der Wurzeln in der Gruppe Illa betrachtet. 
Sogar eine Zugabe von 0,25 ml der Lösung C, (Kontrollösung zur Gruppe 
Illa, um den Effekt der Salze zu konstatieren) hemmt das Wachstum der 
Wurzeln schon stark. Bei grösseren Zugaben wachsen sie anfangs ein wenig 
in die Länge, dann aber hört das Wachstum auf, und die Wurzeln werden 
braun. In der Kontrollgruppe (Gruppe K) und in der Gruppe III b mit Zu- 
satz der Lösung C, wurde keine Gabelentwicklung beobachtet. 


Versuch 3. Wirkung von Cenococcum graniforme auf die Verzweigung 
isolierter Wurzeln von Pinus silvestris. 


Mit Cenococcum graniforme wurden vorläufig nur orientierende Versuche 
durchgeführt, bei denen isolierte Kiefernwurzeln mit diesem Mykorrhizapilz 
infiziert wurden. Hinsichtlich der Entstehung von Gabeln beobachtet man 
ein ganz anderes Bild als mit Boletus variegatus und Boletus luteus. Die 
Gabeln entwickelten sich sehr selten und vereinzelt. Die Pilzhyphen wuchsen 
jedoch sehr kräftig, und nach 50 Tagen waren die Wurzeln von einem 
kompakten Pilzmyzel bedeckt. 


Rückblick 


Aus den geschilderten Versuchen ist zu ersehen, dass isolierte Kiefern- 
wurzeln in der synthetischen Nährlösung von Mykorrhizapilzen beeinflusst 
wurden, auch wenn sie noch nicht von den Pilzhyphen erreicht worden 
waren. Im Laufe von 1—2 Wochen nach der Impfung mit Boletus variegatus 
wuchsen die meisten Kurzwurzeln schnell in die Länge. Eine ähnliche Er- 
scheinung war auch bei einigen älteren Kurzwurzeln, die seit einiger Zeit 
ihr Wachstum eingestellt hatten, zu beobachten (Fig. 2). Nach 2—4 Wochen 
waren die Spitzen der wachsenden Kurzwurzeln entweder dichotomisch 
verzweigt oder hatten Anschwellungen ausgebildet (Fig. 1). In einigen Fäl- 
len wurden auch bei Langwurzeln solche Verzweigungen beobachtet (Fig. 4). 
Oft wurden wiederholte dichotomische Verzweigungen der Wurzelspitzen fest- 
gestellt (Fig. 2—5). Die dichotomische Verzweigung bildete sich unabhängig 
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davon, ob die Kohlehydratquelle in der Nährlösung 4 °/o Glukose oder 7 0/0 
Saccharose war (Fig. 1, 2, 4, 5). 

Die dichotomischen Verzweigungen isolierter Kiefernwurzeln entstanden 
auch, wenn man zur Nährlösung der Wurzeln Lösung hinzufügte, in der 
Boletus variegatus gewachsen war (Fig. 7, 8). Daraus kann man folgern, dass 
diese Erscheinung durch einen vom Pilz ausgeschiedenen Stoff, beziehungs- 
weise mehrere verschiedene Stoffe, verursacht wird. Die dichotomischen 
Verzweigungen, die bei isolierten Kiefernwurzeln entweder zusammen mit 
dem Pilz oder unter dem Einfluss seiner Exudate ausgebildet wurden, sind 
ihrer Gestalt nach den Gabeln der Kiefern-Mykorrhiza ähnlich. 

Unter dem Einfluss des Pilzes änderten die dichotomischen Verzweigungen 
im Laufe des Versuchs ihre mykorrhizaähnliche Gestalt nicht und zeigten 
keine Wurzelhaare. Waren dagegen die Gabeln durch den Zusatz der 
Pilzkulturlösung (Exudatlösung A, B und C, siehe Tab. 1) hervorgerufen, 
so zeigten die meisten von ihnen im Laufe der weiteren Entwicklung ein 
langsames Streckungswachstum und verloren im Zusammenhang damit ihr 
Mykorrhiza-Aussehen. An den verlängerten Zweigen der Gabeln bildeten 
sich bisweilen sogar Wurzelhaare. Die beobachteten Unterschiede könnte 
man vielleicht damit erklären, dass die Exudatlösungen A und B den wirk- 
samen Stoff (bzw. Stoffe) nur in geringen Mengen enthielten (siehe S. 397). 
Infolgedessen ist es nicht sicher, ob der Exudatstoff im Laufe des Versuchs 
eine Konzentration hatte, welche die weitere Streckung der Gabelzweige zu 
verhindern vermochte. Es ist möglich, dass das Auswachsen der Gabelzweige 
durch einen häufigeren Zusatz der Exudatlösungen A und B hätte verhindert 
werden können. Die Lösung C hatte aller Wahrscheinlichkeit nach einen 
reicheren Gehalt an wirksamen Exudatstoffen (siehe S. 397), jedoch war 
ihr Salzgehalt so hoch, dass die isolierten Kiefernwurzeln ihn nicht vertrugen 
(vgl. Tab. 1, Gruppe IIIb). 

Aus den Daten der Tab. 1 könnte man folgern, dass mit der Erhöhung der 
Konzentration des wirkenden Stoffes von Boletus variegatus in der Wurzel- 
nährlösung die Zahl der dichotomischen Verzweigungen der Wurzeln zu- 
nimmt. Erhöht man z.B. die Menge der Exudatlösung A von 2 bis auf 8 ml 
je Kolben, so steigt die mittlere Zahl der dichotomischen Verzweigungen 
von 3,3 auf 10. Dagegen wird der mittlere Längenzuwachs der Wurzeln 
durch den Zusatz der Exudatlösung vermindert. Die erwähnte Schlussfolge- 
rung muss jedoch durch ausführlichere Untersuchungen bestätigt werden. 
Bei den bisherigen Versuchen war die Zahl der Wurzeln in den Gruppen 
zu klein, um aus den Ergebnissen sichere Schlüsse ziehen zu können. 
Besonders gilt dies für die Angaben über den Längenzuwachs der Wurzeln, 
denn die isolierten Kiefernwurzeln zeigten unter ganz gleichen Umständen 
ziemlich grosse Wachstumsschwankungen. 
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Von Interesse ist, dass Cenococcum graniforme nur vereinzelte dichoto- 
mische Verzweigungen hervorrief. Es bleibt noch zu untersuchen, ob dies 
darauf beruht, dass die Substanzen, welche Gabelverzweigungen bewirken, 
nicht in genügender Menge gebildet wurden, oder ob andere Ursachen zu- 
grunde lagen. 


Zusammenfassung 


1. Isoliert wachsende Wurzeln von Pinus silvestris wurden zusammen mit 
den Mykorrhizapilzen Boletus variegatus, Boletus luteus und Cenococcum 
graniforme kultiviert. 

2. Die Boletus-Arten verursachten eine erhebliche Anzahl dichotomischer 
Verzweigungen der Wurzeln auch in Fällen, wo diese noch nicht von den 
Pilzhyphen erreicht worden waren. Cenococcum graniforme bewirkte dage- 
gen nur vereinzelte dichotomische Verzweigungen. 

3. Eine dichotomische Verzweigung wurde auch durch Exudatlösung von 
Boletus variegatus hervorgerufen. 

4. Es wird der Schluss gezogen, dass Boletus variegatus und Boletus 
luteus einen oder mehrere Stoffe bilden, die eine Gabelverzweigung der 
Kiefernwurzeln, -vor allem der Kurzwurzeln, auslösen. 


Diese Versuche wurden auf Anregung des Direktors des Instituts für physio- 
logische Botanik zu Uppsala, Herrn Prof. Dr. Elias Melin, vorgenommen. Für seine 
wertvollen Ratschläge und seine stetige gütige Unterstützung erlaube ich mir ihm 
auch an dieser Stelle meinen herzlichsten Dank auszusprechen. 
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For several reasons the action of the soil organisms on aromatic com- 
pounds of the o-diphenol type is of great interest. Firstly, lignin may be 
regarded as a product resulting from the condensation of units, closely 
related to the o-diphenols, and, secondly, units of the same type are to be 
found in different tannins. 

In a previous work (Lindeberg 1948) the author found that nutrient 
solutions from cultures of certain litter-decomposing hymenomycetes con- 
tain a non-diffusible, thermolabile substance, catalyzing the oxidation of 
o-diphenols. Thus, the fungi form an extracellular o-diphenol oxidase or 
catecholase. The present paper deals with the inactivating effect of high 
temperatures on the catecholase activity. It also deals with the influence of 
certain inhibitors and of the hydrogen ion concentration on the catecholase 
activity of some hymenomycetes of different ecological types. 


Materials and Methods 


Test organisms. Pure cultures of the following fungi were used: 
Marasmius foetidus Fr., M. graminum Berk. & Br., Clitoeybe nebularis Fr., 
and Collybia butyracea Fr., which are all litter-decomposing species; 
Marasmius perniciosus Stahel, which is a parasite on cacao and causes the 
»witches’ broom disease» of that plant; 
Polyporus annosus Fr., which is a parasite on spruce and pine. 


Nutrient solutions. The quantity of the extracellular catecholase (or poss- 
ibly the activity of the enzyme) depends, to a certain degree, on the cont- 
position of the nutrient solution used. The following solutions were used: 
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A. Glucose 10 g, asparagine 1.5 g, KH,PO, 5 g, MgSO,-7H,O 0.5 g, Fe-citrate- 
solution (Fe-conc. 1/500) 0.5 ml, ZnSO,-solution (Zn-conc. 1/50) 0.5 ml, MnSO,- 
solution (0.1 mol.) 0.5 ml, CaCl,-solution (0.1 mol.) 5 ml, thiamin 50 y, distilled 
water 995 ml. pH 4.4. 

B: Glucose 20 g, ammonium tartrate 2 g, KH,PO, 1 g, MgSO,.7H,0O, trace 
elements, and thiamin as in solution A. pH 5.3. 

C. Glucose 20 g, asparagine 1.5 g, KH,PO, 0.25 g, K,HPO, 0.25 g, MgSO, - 7 H,O, 
trace elements, and thiamin as in solution A. pH 6.3. 


On the solution A most of the litter decomposing fungi which have so 
far been studied by the author, form extracellular catecholase to such an 
extent that the solution offers a good material for different investigations 
on catecholase activity. Therefore, this solution was used in the experiments 
with all the species except for Marasmius graminum. This fungus, which 
growths very rapidly, forms considerable quantities of catecholase also on 
more weakly buffered solutions, containing ammonium tartrate or asparagine 
as a nitrogen source. For M. graminum the nutrient solutions B and C were 
used, a certain amount of copper sulphate being added in some experiments. 


Determinations of the catecholase activity. Catecholase catalyzes the 
oxidation of catechol to o-quinone. This substance is later converted into 
other polymerized, highly coloured products (cf. Nelson & Dawson 1944, 
p. 113). The increase of the extinction of the solutions, caused by the oxida- 
tion process, has been taken as a measure of the catecholase activity in the 
preliminary studies reported here. 

The nutrient solutions were filtered through sterile filter papers into 
sterile Erlenmeyer flasks. Specified volumes of the filtered solutions were 
transferred into sterile culture tubes (Pyrex glass) with an outer diameter 
of 18—19 mm. A certain amount of fresh catechol solution, sterilized by 
means of a Seitz filter, was added to each tube, the tubes being immediately 
placed in a thermostat at 25° C, where they were continuously shaken. 

Catechol is slowly autoxidized by contact with the air in a nutrient solu- 
tion which has a pH of 6 or more. The rapidity of this autoxidation increases 
markedly in neutral and alkaline media. This autoxidation was corrected 
for in the following way: The filtered nutrient solution was divided into 
two halves, the one being used directly in the experiment and the other 
being heated in sterile Erlenmeyer flasks on a boiling water bath for 20 
minutes. By this treatment the enzyme was inactivated so that only autoxida- 
tion occurred in the solution on addition of catechol. The difference between 
the oxidation of the catechol in the untreated and in the heated solution is 
a measure of the catecholase activity. Determinations were made on duplicate 
solutions throughout the course of the experiments. 

After the solutions of the tubes had assumed varying shades from colour- 
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less to dark brown, due to the different oxidative rates of the catechol, the 
extinction of the solutions was determined by means of the photometer 
: : I I 
according to Äberg & Rodhe (1942), and log i was calculated. log r was 
also calculated for the tubes after they had been filled with distilled water. 
These values were subtracted from the values obtained with the nutrient 
solutions. The average of the parallels was calculated and finally multiplied 
with 1000. The values obtained in this way are indicated Z (cf. Rodhe 1948, 
pp. 10—11). 


Experiments and results 


1. Inactivation of the catecholuse activity by heat. 


In order to study the heat inactivation of the catecholase an experiment 
was performed with a nutrient solution from cultures of Marasmius grami- 
rum. After a short time relatively high catecholase activity is to be found 
in the medium of this species. Thus, M. graminum is a suitable test organism 
in experiments concerning the general properties of the enzyme. 

Marasmius graminum was cultivated for seven days on the nutrient 
solution B containing 1 mg of copper per litre. At that time the average dry 
weight of the mycelium was 23 mg, and the pH of the solution was 4.7. The 
solution was transferred into culture tubes, 10 ml in each tube. These were 
then heated for 15 minutes at different temperatures in a water bath, the 
temperature of the bath being successively adjusted to 57°, 60°, 63° ...75 C. 
After this treatment 2 ml of a solution containing 2.75 mg of catechol per 
ml were added to each tube. After 3 hours the extinction values of the 
different solutions were determined. The results are to be found in fig. 1. 

Temperatures up to 60° C influenced the catecholase activity only to a 
limited extent. When the temperature was raised from 60° to 69° C the 
inactivating effect increased very rapidly, the inactivation being complete 
at 75° C. Thus, the inactivation of the catecholase activity occurred within 
the temperature range which is characteristic for other plant enzymes. 


2. Inhibition of the catecholase activity by potassium cyanide and 
sodium azide. 


The polyphenol oxidases are inhibited by potassium cyanide (for references 
see Franke 1940) and by sodium azide (Keilin 1936). 

Marasmius graminuni was grown for 18 days on solution C, which con- 
tained 1 mg of copper per litre. The average dry weight of the mycelium 
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Fig. 1. Inactivation of the catecholase activity 
of Marasmius graminum by high temperatures. 


after that time amounted to 207 mg, and the pH of the solution was 6.1. 
One half of the filtered solution was heated on a boiling water bath as 
mentioned above. To four volumes of each solution one volume of a sterilized 
0.25 M KH,PO,-solution was added. After that the two solutions were 
transferred to culture tubes, 10 ml per tube. Solutions of potassium cyanide 
and sodium azide containing 13, 26, and 52 millimole per litre were prepared. 
In different series 1 ml of each of these solutions was added to each tube 
(see table 1). Finally, 2 ml of catechol solution (2.75 mg per ml) were added 
to each tube. Thus, the total volume of the fluid in each tube was 13 ml, 
the concentrations of the potassium cyanide and the sodium azide amount- 
ing to 1, 2, and 4 millimole per litre. After the tubes had been shaken at 
25°C for 90 minutes, the extinction values were immediately determined. 
The results are to be found in table 1. The extinction values of the table 
have been obtained by subtracting the Z-values of the heated solution from 
the corresponding values of the untreated one. 

The catecholase activity was strongly inhibited by the addition of potas- 
sium cyanide. In the series with azide, a distinct though somewhat weaker 
inhibition was noted. The results may be looked upon as a further proof that 
an extracellular polyphenol oxidase is produced by the growing mycelium 
of the fungus. 
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Table 1. Influence of potassium cyanide and sodium azide on the catecholase activity of 
Marasmius graminum. 


Conc. of KCN or NaN, pH Extinction(Z) 

a 4.7 1207 

| KCN 1 millimole/litre 32 220 
> 2 » >» 5.5 124 
pur » > 5.8 83 

ı NaN, 1 > >: Dell 356 
ey ed > f 5.3 259 
x al » PS 8:3 226 


3. Influence of the hydrogen ion concentration on the catecholase activity. 


For these experiments the following cultures were used: 


Marasmius foetidus cultivated on solution A for 16 days. Average dry weight 16 mg. 
pH of the solution 3.3. 

M. graminum cultivated on solution B for 7 days. Average dry weight 23 mg. pH of 
the solution 4.7. 

M. perniciosus cultivated on solution A for 16 days. Average dry weight 17 mg. 
pH of the solution 5.5. 

Clitocybe nebularis cultivated on solution A for 33 days. Average dry weight 8 mg. 
pH of the solution 4.6. 

Collybia butyracea cultivated on solution A for 26 days. Average dry weight 11 mg. 
pH of the solution 5.3. 

Polyporus annosus cultivated on solution A for 13 days. Average dry weight 12 mg. 
pH of the solution 5.2. 


After the mycelia had been filtered off, the pH of the solutions was 
adjusted to different values between 3 and 7.5 (fig. 2) by addition of the fol- 
lowing buffers: 0.1 N HCI+0.1 M KH,PO,; 0.1 M KH,PO,+0.1 M NaHPO,; 
0.1 M Na HPO,+0.1 N NaOH. One volume of buffer was added to two 
volumes of the nutrient solutions. The experiments were performed with 
parallel series of unheated and heated nutrient solutions. Each culture tube 
contained 10 ml of buffered solution and 2 ml of catechol solution (2.75 mg 
per ml). Sterile solutions and sterile glass were used throughout the experi- 
ments. The buffer solutions were sterilized by autoclaving. The different 
solutions were shaken with catechol in the thermostat for the following 
times: Marasmius foetidus 12 hours, M. graminum 3 hours, M. perniciosus 
4 hours, Clitocybe nebularis 22 hours, Collybia butyracea 17 hours, and 
Polyporus annosus 16 hours. 

In the diagrams of fig. 2 the extinction at different pH-values of the 
unheated (solid lines) as well as of the heated solutions (dotted lines) are 


406 GÔSTA LINDEBERG 


Narasmius foetidus Marasmius gramınum 


3 4 5 6 Sal © 7 pH 8 


Clitocybe nebularis 


Marasmius perniciosus 


Collybia butyracea 


Bulle. ROSÉ a CREME 


Fig. 2. The influence of pH upon the catecholase activity of different hymenomycetes. 
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given. The difference between the corresponding curves for each fungus 
may be taken as a measure of the catecholase activity of the nutrient solution. 

The hydrogen ion concentration of the medium obviously influences the 
catecholases formed by the different fungi in different ways. 

In the case of Marasmius foetidus maximal catecholase activity was 
found at pH 4.0—4.5. Even at pH 5 the activity was reduced, being rather 
insignificant at pH 6. On the other hand, a distinct activity could be noted 
at pH 3.5. Marasmius foetidus was isolated by the author from decaying 
branches and twigs of Fraxinus excelsior, the pH of the substrate being as 
low as 2.9. Optimal growth of the fungus is to be found in synthetic nutrient 
solution at pH 4 and immediately below that value (Lindeberg 1944). Thus, 
the fungus may be classified as a typical acidophilic one. 

Maximal catecholase activity occurred with Collybia butyracea at pH 4.5. 
This fungus is a typical inhabitant of the coniferous woods. The pH optimum 
for the catecholase activity of the species agrees fairly well with the pH 
value of the litter constituting its substrate in nature. 

With Clitocybe nebularis maximal catecholase activity occurred at pH 
4.5—5.0. At pH 4 the activity of the calecholase of this fungus was relatively 
lower, at pH 5.5—6.0 relatively higher than that found for the enzymes of 
the fungi mentioned above. (I. nebularis growths on decaying leaves of 
deciduous trees, the pH of this substrate being somewhat higher than the 
pH of spruce and pine needles. 

The values for Polyporus annosus agreed fairly well with those for 
Clitocybe nebularis. It seems still to be undecided whether the fungus occurs 
as a true litter-decomposing fungus in the soil, or if it mainly lives in dead 
tissues of living trees (Rennerfelt 1946). On cultivating the fungus on steri- 
lized pine sawdust at different hydrogen ion concentrations Robak (1933) 
found it to develop best at pH 5.0—5.5. However, according to Treschow 
(1938) the growth of the fungus at different hydrogen ion concentrations 
to a great extent depends on the experimental conditions. Therefore, 
Treschow concludes that the growth of Polyporus annosus is relatively 
independent of the pH of its substrate. 

The optimum for the catecholase of Marasmius graminum was found at 
pH 5.5—6.0. At pH 4.5-the activity was relatively lower, at pH 6.5 relatively 
higher than that found for the fungi mentioned above. The fungus is to be 
found on dead grass in nature. On synthetic nutrient solutions its growth 
is best at pH 6—7 Lindeberg 1944). 

The catecholase activity of Marasmius perniciostis agreed, on the whole, 
with that of M. graminum, except that the activity of the enzyme of M. 
perniciosus was at neutral reaction relatively stronger than that found for 
the enzymes of all the other fungi investigated here. Very little seems to 
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be known concerning the influence of the hydrogen ion concentration on 
the growth of this fungus. In experiments performed by the present author 
(unpublished) the pH-optimum in synthetie nutrient solution for the fungus 
was found to be at pH 5—6, the development of the fungus also being rather 
good at pH 7. Thus the optimum for the catecholase activity seems to 
coincide with the optimum for growth. 


Conclusions 


The saprophytic and parasitic fungi investigated by the author were 
found to secrete extracellular catecholases into the medium when cultivated 
on synthetic nutrient solutions, containing glucose as a source of carbon. 
Different pH optima were found for the catecholase activity of the fungi. 
On the whole, the pH optima coincide with the hydrogen ion concentrations 
which are characteristic for natural substrates of the fungi, and also with 
the hydrogen ion concentrations which are optimal for growth of the fungi 
on synthetic media. 

The question of whether the different pH optima for the catecholases 
should be looked upon as indicating that different enzymes are formed by 
the different fungi must be left undecided for the present. In some cases 
it has been found by other investigators that the pH optimum of an enzyme 
is influenced by the degree of purity of the enzyme preparation (cf. Sumner 
& Somers 1947, p. 16). Therefore, experiments should be performed with 
purified preparations of the catecholases formed by the fungi. 

It may be pointed out, however, that the extracellular catecholases of the 
fungi, having maximal activity at the hydrogen ion concentrations charac- 
teristic of the natural substrates of the organisms, may effectively contribute 
to the oxidation of the polyphenols of the soil, and, thus, be of importance 
for the process of humus formation. 


Summary 


1. Certain litter-decomposing and parasitic hymenomycetes, e.g. Maras- 
mius foetidus, M. graminum, M. perniciosus, Clitocybe nebularis, Collybia 
butyracea, and Polyporus annosus, form extracellular catecholases when 
grown on synthetic nutrient solutions. 

2. The catecholase activity of the nutrient solutions from cultures of the 
fungi has been studied photometrically. 

3. The catecholase of Marasmius graminum was rapidly inactivated when 
the temperature was raised from 60° to 69° C. 
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4. Potassium cyanide and sodium azide inhibited the activity of the 
Marasmius graminum catecholase. 

9. Different pH optima were found for the catecholase activity of the 
fungi. The optima generally coincide with the hydrogen ion concentration 
characteristic of the natural substrates of the fungi. 
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Corrigenda 
P. 116, line 7 to 10 from bottom: read P,,—0.73 and Q 


À 
P. 120, formula 4: read P= | A, hy Ga. 
À 


VB 


=1.05. 


